2005 Residential ACM Manual, Express Terms, 15-Day Language i

Table of Contents

Appendix RA — Certification of Alternative Calculation Method ..., RA-1
RA.1 Space ConditioniNg TeSIS (SC) .....uuiiiiiiiiiieiiiei et e e e e e e e RA-2
RA.2 Standard DesSign TESTS (SD)...ciiiiiiiieiiiiiie ittt ettt e et e e et e e e e anbe e enbe e e e eneee RA-10
RA.3 dditions and ARErationNs TeSES.......uuiiiiiiii i e e e e s e ee e e e e e s nnnneees RA-13
RA.4 Water Heating TestS .. ..ueiiiiieiie e e s RA-15
RA.5 Water Heating Neutral Variable TeStS (WD)........cuueiiiiiiiiiiiiee e RA-19
RA.6 Optional Capabilities TESIS (OC) ....ccciiiiiiiiiiiee e RA-20
RA.7 Solar SyStEMS TESES (SS)....uuuiiiiiiiiiiei ittt e e e sttt e e e et e e e s snte e e e eanteeeeeanteeeannteeeeennnes RA-24

Appendix RB — INterior Mass Capacity.......c..uuieiiiiiiiiiiie ettt e ettt e e e st e e e st e e e s sneeeeeesnteeessseeeeenanes RB-1
RB.1T SCOPE AN PUIMPOSE .....cutiiiiiiiii ettt e e ettt e e e e e e et a et e e e e e e eeeeatsbeeeeeaeeesasasreeeeaeeeesaansnnes RB-1
RB.2 Calculating Interior Mass Capacity (IMC) .........ooiiiiiiiiiieiiiee e e e e RB-1
RB.3 IMC Threshold for a High Mass BUilding ............cooiiiiiiiiiiii e RB-1
= TR 1= o] L= AN [ 1= EEERR RB-5

Appendix RC — Procedures for Field Verification and Diagnostic Testing of Air Distribution Systems........... RC-1
O I Uy o T Lo T=T gL IR oTo] o= PRSP RC-1
RC2 Instrumentation SpecifiCations......... oo e RC-1
O I o] o =1 = | (1SRRI RC-2
O (o To =Y [ = SRR RC-3

Appendix RD — Procedures for Determining Refrigerant Charge for Split System Space Cooling Systems without

Thermostatic EXPaNSION VAIVES ...........oooiiiiiiiieeeeeeee ettt e e e e s e aaaaseasssaeeeeeeeeeeeeeeeenees RD-1
RD1 PUIPOSE QNG SCOPE ... .cuuiiiiiiiee e e ettt et e e ettt e e e e e e e et et e e e e e e e eaeatabaeeeeaeeesaasssbaseeeaeeesaaasseeeaaeeaeeaanssnes RD-1
RD2 Standard Charge Measurement ProCEAUIE ...........ocuiiiiiiiii et RD-2
RD3 Alternate Charge Measurement ProCEAUIE..............cccuuiiiiiieee ettt e e e e RD-6

Appendix RE - Field Verification and Diagnostic Testing of Forced Air System Fan Flow and Air Handler Fan

LT L = SRR RE-1
RE1. PUrPOSE @NA SCOPE ...ttt ettt ettt e ettt e e bttt e e e ab e e e e b be e e e e nbe e e e e nbe e e e nnbeeeeeanneeas RE-1
REZ2. Instrumentation SpecCifiCatioNS..........ooo i s RE-1
G TR Y o] 0= = (1L SEEERR RE-2
S e (o T =T U] = SRR RE-2

F N o] 01T Lo T D a el AV O v o OSSPSR RF-1
RF 1. PUIPOSE GNA SCOPE ...ttt ettt e e e e e e ettt e e e e e e e et st e e eeeeeeeseaabeeeeaeeesaasnrenes RF-1
RF2. Procedure for Calculating Design Cooling Capacity...........coccuuiieiiiiiieiiiiee e RF-1
RF3. Procedure for Calculating Maximum Cooling Capacity for ACM Credit ..........ccooceiiiiiineiieeee, RF-3
RF4. Procedure for Determining Electrical Input Exception for Maximum Cooling Capacity for ACM CreditRF-3

Appendix RG — Water Heating Calculation Method ... RG-1
Gl VT oL Y= IR= Ty Lo IS TeTo] o1 USROS RG-1
RG2. Water Heating SYSIEMS.........uiiiiiiii ettt e et e e et e e et e e e e e ennee RG-2
RG3 Hourly Adjusted RECOVENY LOAM..........ouueiiiiiiee ettt snee e e RG-2
RG3 Energy Use of Individual Water Heaters ... RG-14
RG5 Electricity Use for Circulation PUMPING ...c.coiiiiiiiiiiie e RG-19

Appendix RH — High Quality Insulation Installation Procedures ..o RH-1
RH1. PUIPOSE N0 SCOPE ... .uuiiiiiiiiii ettt e et e ettt e e e e e e e ettt e e e e e e e e s e aatabeeeeeaeeesasbeeeeaaeeaeaaansnnes RH-1
L P2 =T 0911 o (o o Y U PPEPRRP RH-1
RH3. Raised FIoors and FIOOrs OVEr Garages.........cooicuueiieiiuieieiiiiieesaiiieeessieeeessneeeessnnteeasssssaeesesnseesssnnees RH-2
RH4. Wall INSUIGLION ...ttt e e et e e e et e e e e s e e e e e anbeeeenbeeeeesnseeeeeanneeas RH-2
RH5. Ceiling and ROOf INSUIALION............ooiiiiiiiieee e e e e e e e e e e e e e e e e e e ennnes RH-4
L (G TV = (T =L SRS RH-6
O A = o U 1T o 1= o | S PSR RH-6
RH8. R-Value and U-Value SpecCifiCations ............c.uuiiiiiiiiiiii et RH-6
L S TR O 1= (=T OSSR RH-7

Table of Contents



2005 Residential ACM Manual, Express Terms, 15-Day Language

ji
RH10. Certificate AVaAIlability ............cooiiiiiiii e e e e e e e et e e e e e e e e anaaes RH-7
CF-6R & CF-4R Insulation Installation Quality Certificate............cccccviiiiiiiiiii e RH-7
Appendix RI — Procedures for Verifying the Presence of a Thermostatic Expansion Valve or High Energy
Efficiency Ratio EQUIDMENT ... ettt e e e sttt e e s et e e e e sbe e e e e eenreeeeeanes RI-1
RI-1 PUIPOSE @NA SCOPE ...ttt ettt ettt e e et e e e sttt e e e nb et e e e nnb e e e e anbeeeeenbeeeeeanneeas RI-1
RI-2 TXV Verification ProCeAUIE. ... ... ... ettt e e e e e e e e e e e e e e ee e e e e e e e e e ennnnneeeeas RI-1
RI-3 Time Delay Relay Verification ProCedure ............ocuuiii it RI-1
RI-4 Matched EQUIPMENT PrOCEAUNE .......ooo i ettt e e e e e e e e e e e e e e e e e e e nnneeeeeeeas RI-2

Table of Contents



2005 Residential ACM Manual, Express Terms, 15-Day Language Page RA-1

ACM RA-2005

Appendix RA - Certification of Alternative Calculation
Method

Energy Efficiency Standards for Residential Buildings, Sections 150 to 152

I (name), certify that this alternative calculation method

(ZACM), (name of ACM), version number ,
dated , developed by, (personnel or company),
(address) (city, state)

(zip), passes all of the ACM tests and gives results that are reliable and accurate when used for calculating
custom budgets and annual energy use estimates to comply with CEC (California Energy Commission)
regulations, subject to the fixed and restricted assumptions specified in the Alternative Calculation Method
(ACM) Approval Manual for the 2005+ Energy Efficiency Standards for Residential Buildings, and the fixed and
restricted inputs specified in the manuals describing the use of this method (Users Manual and Compliance
Supplement thereto). | certify that the calculation of energy use in buildings, following the instructions in the
manuals, and using accurate and complete plans and specifications for a building will achieve reliable and
accurate energy analysis results with this ACM. Moreover, the calculations are verifiable when modeling the
same building and accurately applying the fixed and restricted assumptions and inputs mentioned above. |
further certify that all variables used by the program that are not subject to ready verification in the plans and
specifications or that are subject to occupant use are either fixed, carefully restricted, or defaulted in this ACM.

| also certify that the inputs, default values, and assumptions specified for compliance runs in the manuals, and
used in the accompanying application for the CEC residential ACM approval, are consistent with the inputs,
default values, and assumptions specified by the CEC in the Alternative Calculation Method (ACM) Approval
Manual for the 20051 Energy Efficiency Standards for Residential Buildings for use when generating standard
design budgets and annual energy use estimates. | also certify that all specific inputs, variables, and
assumptions needed to achieve the accuracy required to pass the capability tests in the ACM Approval Manual
are either not subject to user variation, are defaulted to the values used for compliance, or are clearly specified
as restricted or required inputs in the manuals for the ACM. In addition, the manuals clearly indicates that an
easily verified list of the actual values of any such variables used for performance approach compliance which
are subject to programmatic or user variation are to be included with the compliance documentation supplied
by a building permit applicant to the enforcement agency. In summary, | also certify that the results of this
alternative calculation method as specified in the manuals for the ACM in conjunction with an accurate and
adequate set of plans and specifications for a building are not subject to significant variation by the
manipulation of unrestricted user specified inputs that are difficult or impossible to verify.

In certifying the reliability and accuracy of this ACM, | certify that the results of this ACM's calculations,
algorithms and assumptions are open to inspection by any individual or State entity, that this ACM may be
challenged for its validity and accuracy as specified by the ACM Approval Manual, and that if challenged, | will
prepare an adequate response or face possible withdrawal of ACM approval.

This certification is based upon the tests and requirements specified in the Alternative Calculation Method
(ACM) Approval Manual for the 2005+ Energy Efficiency Standards for Residential Buildings, and upon
personal knowledge and experience with the use of this alternative calculation method.

Signed Date Title
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RA.1 Space Conditioning Tests (SC)

Complete the unshaded areas of the following forms. An electronic version of this document is available from
the CEC.

Test SC00 - Basecase Simulations

Enter the TDV energy for the standard design and the proposed design — values should match.

TDV Energy (kBtu/ft3/y)
Test Label Standard Design Proposed Design ACM Filename
SC00A01
SC00A02
SC00A03
SC00A04
SC00A05
SC00A06
SC00AQ7
SC00A08
SC00A09
SC00A10
SCO00A11
SC00A12
SC00A13
SCO00A14
SC00A15
SC00A16
SC00B01
SC00B02
SC00B03
SC00B04
SC00B05
SC00B06
SC00B07
SC00B08
SC00B09
SC00B10
SC00B11
SC00B12
SC00B13
SC00B14
SC00B15
SC00B16
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Test SC01 - SEER vs. AFUE
Space Conditioning TDV Energy

(kBtu/ft?/y) AFUE Solution ACM Filenames
Label Passing Case Failing Case Passing Case Failing Case Passing Case Failing Case
SC01A03
SC01A09
SC01A12
SC01A14
SC01A16

Test SC02 - Ceiling U-factor vs. South Glass Area
Space Conditioning TDV Energy

(kBtu/ft?/y) South Glass Solution (ft?) ACM Filenames
Label Passing Case Failing Case Passing Case Failing Case Passing Case Failing Case
SC02A03
SC02A09
SC02A12
SCO02A14
SC02A16

Test SC03 - Wall U-factor vs. West Glass Area
Space Conditioning TDV Energy

(kBtu/ft?/y) West Glass Solution (ft?) ACM Filenames
Label Passing Case Failing Case Passing Case Failing Case Passing Case Failing Case
SC03A03
SC03A09
SC03A12
SC03A14
SC03A16

Test SC04 - Slab F-factor vs. North Glass Area
Space Conditioning TDV Energy

(kBtu/ft?/y) North Glass Solution (ft?) ACM Filenames
Label Passing Case Failing Case Passing Case Failing Case Passing Case Failing Case
SC04A12
SCO04A14
SC04A16
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Test SCO05 - Fenestration Type vs. North Glass Area

Space Conditioning TDV Energy

(kBtu/ft?/y) North Glass Solution (ft?) ACM Filenames
Label Passing Case Failing Case Passing Case Failing Case Passing Case Failing Case
SC05A03
SC05A09
SC05A12
SC05A14
SC05A16

Test SC06 - Fenestration Type vs. AFUE
Space Conditioning TDV Energy

(kBtu/ft?/y) AFUE Solution ACM Filenames
Label Passing Case Failing Case Passing Case Failing Case Passing Case Failing Case
SC06A03
SC06A09
SC06A12
SC06A14
SC06A16

Test SC07 - Exposed Thermal Mass vs. South Glass Area

Space Conditioning TDV Energy

(kBtu/ft?/y) South Glass Solution (ft?) ACM Filenames
Label Passing Case Failing Case Passing Case Failing Case Passing Case Failing Case
SC07A12
SCO07A14
SC07A16

Test SC08 - Exposed Thermal Mass vs. West Glass Area

Space Conditioning TDV Energy

(kBtu/ft?/y) West Glass Solution (ft?) ACM Filenames
Label Passing Case Failing Case Passing Case Failing Case Passing Case Failing Case
SC08A03
SC08A09
SC08A12
SC08A14
SC08A16
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Test SC09 - Exposed Thermal Mass vs. North Glass Area
Space Conditioning TDV Energy

(kBtu/ft?/y) North Glass Solution (ft?) ACM Filenames
Label Passing Case Failing Case Passing Case Failing Case Passing Case Failing Case
SC09A03
SC09A09
SC09A12
SC09A14
SC09A16

Test SC10 - Exposed Thermal Mass vs. East Glass Area

Space Conditioning TDV Energy

(kBtu/ft?/y) East Glass Solution (ft?) ACM Filenames
Label Passing Case Failing Case Passing Case Failing Case Passing Case Failing Case
SC10A03
SC10A09
SC10A12
SC10A14
SC10A16

Test SC11 - South Overhangs vs. South Glass Area
Space Conditioning TDV Energy

(kBtu/ft?/y) South Glass Solution (ft?) ACM Filenames
Label Passing Case Failing Case Passing Case Failing Case Passing Case Failing Case
SC11A03
SC11A09
SC11A12
SC11A14
SC11A16
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Test SC12 - Building Envelope Sealing vs. Glass Area

Space Conditioning TDV Energy

(kBtu/ft?/y) Glass Solution (ft?) ACM Filenames
Label Passing Case Failing Case Passing Case Failing Case Passing Case Failing Case
SC12A03
SC12A09
SC12A12
SC12A14
SC12A16

Test SC13 - Building Envelope Sealing and Mechanical Ventilation vs. Glass Area

Space Conditioning TDV Energy

(kBtu/ft?/y) Glass Solution (ft?) ACM Filenames
Label Passing Case Failing Case Passing Case Failing Case Passing Case Failing Case
SC13A03
SC13A09
SC13A12
SC13A14
SC13A16

Test SC14 - Construction Quality vs. AFUE

Space Conditioning TDV Energy

(kBtu/ft?/y) AFUE Solution ACM Filenames
Label Passing Case Failing Case Passing Case Failing Case Passing Case Failing Case
SC14A03
SC14A09
SC14A12
SC14A14
SC14A16

Test SC15 - Cool Roofs/Radiant Barrier vs. SEER

Space Conditioning TDV Energy

(kBtu/ft?/y) SEER Solution ACM Filenames
Label Passing Case Failing Case Passing Case Failing Case Passing Case Failing Case
SC15A09
SC15A12
SC15A14
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Test SC16 — Natural Ventilation vs. SEER

Space Conditioning TDV Energy
(kBtu/ft?/y)

SEER Solution

ACM Filenames

Label Passing Case Failing Case Passing Case Failing Case Passing Case Failing Case
SC16A09
SC16A12
SC16A14

Test SC17 - Duct Leakage vs. SEER

Label

Space Conditioning TDV Energy
kBtu/ft?/

SEER Solution

ACM Filenames

Passing Case Failing Case

Passing Case Failing Case

Passing Case Failing Case

SC17A03

SC17A09

SC17A12

SC17A14

SC17A16

Test SC18 — Duct Surface Area vs. SEER

Label

Space Conditioning TDV Energy

(kBtu/ft?ly)

SEER Solution

ACM Filenames

Passing Case Failing Case

Passing Case Failing Case

Passing Case Failing Case

SC18A03

SC18A09

SC18A12

SC18A14

SC18A16

Test SC19 - Duct Location vs. SEER

Label

Space Conditioning TDV Energy
kBtu/ft?/

SEER Solution

ACM Filenames

Passing Case Failing Case

Passing Case Failing Case

Passing Case Failing Case

SC19B09

SC19B12

SC19B14
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Test SC20 - Duct Insulation vs. SEER
Space Conditioning TDV Energy

(kBtu/ft?/y) SEER Solution ACM Filenames
Label Passing Case Failing Case Passing Case Failing Case Passing Case Failing Case
SC20A09
SC20A12
SC20A14

Test SC21 - Energy Efficiency Ratio vs. SHGC
Space Conditioning TDV Energy

(kBtu/ft?/y) SHGC Solution ACM Filenames
Label Passing Case Failing Case Passing Case Failing Case Passing Case Failing Case
SC21A09
SC21A12
SC21A14

Test SC22 - TXV/Charge Testing vs. SHGC
Space Conditioning TDV Energy

(kBtu/ft?/y) SHGC Solution ACM Filenames
Label Passing Case Failing Case Passing Case Failing Case Passing Case Failing Case
SC22A09
SC22A12
SC22A14

Test SC23 - Airflow Across Evaporator Coil vs. SHGC
Space Conditioning TDV _Energy

(kBtu/ft?/y) SHGC Solution ACM Filenames
Label Passing Case Failing Case Passing Case Failing Case Passing Case Failing Case
SC23A09
SC23A12
SC23A14
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Test SC24 - Air Conditioner Fan Power vs. SHGC
Space Conditioning TDV Energy

(kBtu/ft?/y) SHGC Solution ACM Filenames
Label Passing Case Failing Case Passing Case Failing Case Passing Case Failing Case
SC24A09
SC24A12
SC24A14

Test SC25 - Electric Heat vs. Fenestration U-Factor

Space Conditioning TDV Energy

(kBtu/ft?/y) Fenestration U-Factor Solution ACM Filenames
Label Passing Case Failing Case Passing Case Failing Case Passing Case Failing Case
SC25A03
SC25A09
SC25A12
SC25A14
SC25A16

Test SC26 - Side Fins
Space Conditioning TDV Energy

(kBtu/ft?/y) SEER Solution ACM Filenames
Label Passing Case Failing Case Passing Case Failing Case Passing Case Failing Case
SC26A09
SC26A12
SC26A14
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RA.2 Standard Design Tests (SD)

Test SD01 - Single-Family Slab-on-Grade

Label

Space Conditioning TDV Energy (kBtu/ft?/y)

ACM Filenames

Proposed Design

Standard Design

Standard Design

Equivalent Custom

Equivalent Proposed

Custom Budget

Budget

Design

Proposed Design

Standard Design
Equivalent

SD01C01

SD01C02

SD01C03

SD01C04

SD01C05

SD01C06

SD01C07

SD01C08

SD01C09

SD01C10

SD0O1C11

SD01C12

SD01C13

SD01C14

SD01C15

SD01C16
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Test SD02 - Single-Family Raised Floor

Label

Space Conditioning TDV Energy (kBtu/ft?/y)

ACM Filenames

Proposed Design

Standard Design

Standard Design

Equivalent Custom

Equivalent Proposed

Custom Budget

Budget

Design

Proposed Design

Standard Design
Equivalent

SD02D01

SD02D02

SD02D03

SD02D04

SD02D05

SD02D06

SD02D07

SD02D08

SD02D09

SD02D10

SD02D11

SD02D12

SD02D13

SD02D14

SD02D15

SD02D16
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Test SD03 — Multi-Family Slab on Grade

Label

Space Conditioning TDV Energy (kBtu/ft?/y)

ACM Filenames

Proposed Design

Standard Design

Standard Design

Equivalent Custom

Equivalent Proposed

Custom Budget

Budget

Design

Proposed Design

Standard Design
Equivalent

SDO3EO01

SDO3E02

SDO3E03

SDO3E04

SDO3E05

SDO3E06

SDO3E07

SDO3E08

SDO3E09

SDO3E10

SDO3E11

SDO3E12

SDO3E13

SDO3E14

SDO3E15

SDO3E16

Test SD04 - Neutral Variable Test: Window Area

Label

Space Conditioning TDV Energy (kBtu/ft?/y)

ACM Filenames

Proposed Design

Standard Design

Standard Design

Equivalent Custom

Equivalent Proposed

Custom Budget

Budget

Design

Proposed Design

Standard Design
Equivalent

SD04A03

SD04A09

SD04A12

SD04A14

SD04A16
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Test SD05 — Neutral Variable Test: Wall Area

Label

Space Conditioning TDV Energy (kBtu/ft?/y)

ACM Filenames

Proposed Design

Standard Design

Standard Design

Equivalent Custom

Equivalent Proposed

Custom Budget

Budget

Design

Proposed Design

Standard Design
Equivalent

SDO05A03

SDO05A09

SD05A12

SD05A14

SD05A16

RA.3 dditions and Alterations Tests

Test AAO1 - Baseline Simulations

Label

TDV Energy (kBtu/ft?/y)

Standard Design

Proposed Design

ACM Filenames

AAO01EQ3

AAO01E09

AAO1E12

AAO1E14

AAO1E16

Test AAO2 - Increase Glass

Space Conditioning TDV Energy

(kBtu/ft?/y) Eenestration U-Factor ACM Filenames
Label Passing Case Failing Case Passing Case Failing Case Passing Case Failing Case
AA02E03
AAQ02E09
AA02E12
AA02E14
AA02E16

Test AAO3 - New HVAC

Space Conditioning

TDV Energy

(kBtu/ft?/y) Fenestration U-Factor ACM Filenames
Label Passing Case Failing Case Passing Case Failing Case Passing Case Failing Case
AA02E03
AA02E09
AA02E12
AAO02E14
AAQ02E16
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Test EA01 - Baseline

TDV Energy (kBtu/ft?/y)
Label Standard Design Proposed Design ACM Filenames
EA01E03
EA01E09
EAO01E12
EAO1E14
EAQ1E16

Test EAO2 - Increase Glass

Space Conditioning TDV Energy

(kBtu/ft?/y) Fenestration U-Factor ACM Filenames
Label Passing Case Failing Case Passing Case Failing Case Passing Case Failing Case
EA02E03
EA02E09
EAQ02E12
EA02E14
EA02E16

Test EA03 - New HVAC
Space Conditioning TDV Energy

(kBtu/ft?/y) Fenestration U-Factor ACM Filenames
Label Passing Case Failing Case Passing Case Failing Case Passing Case Failing Case
EA02E03
EA02E09
EA02E12
EA02E14
EA02E16
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RA.4 Water Heating Tests

Complete the unshaded areas of the following forms. An electronic version of this document is available from
the CEC.

Test WHOO - Basecase Simulations

Enter the TDV water heating energy for the standard design and the proposed design — values should match.

TDV Water Heating Energy (kBtu/ft?/y)
Test Label Standard Design Proposed Design ACM Filename
WHO00CO01
WHO00C02
WHO00CO03
WHO00C04
WHO00C05
WHO00C06
WHO00C07
WHO00C08
WHO00C09
WHO00C10
WHO00C11
WHO00C12
WHO00C13
WHO00C 14
WHO00C15
WHO00C16
WHOOEO1
WHOOE02
WHOOEOQ3
WHOOE04
WHOOEQ05
WHOO0E06
WHOOEQ7
WHOOE08
WHO0E09
WHOO0E10
WHOOE11
WHOOE12
WHOOE13
WHOOE14
WHOOE15
WHOOE16
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Test WHO1 - Gas Storage vs. Electric Storage Water Heater

Label

Water Heating TDV Energy

(kBtu/ft?/y)

SSF Solution

ACM Filenames

Passing Case

Failing Case

Passing Case

Failing Case

Passing Case

Failing Case

WHO01C03

WHO01C09

WHO01C12

WHO01C14

WHO01C16

WHO01E03

WHO1EQ09

WHO1E12

WHO1E14

WHO01E16

Test WHO2 - Gas Storage vs. Electric

Instantaneous Water Heater

Label

Water Heating TDV Energy

(kBtu/ft?/y)

SSF Solution

ACM Filenames

Passing Case

Failing Case

Passing Case

Failing Case

Passing Case

Failing Case

WH02C03

WH02C09

WH02C12

WH02C 14

WH02C16

WHO02E03

WHO02E09

WHO02E12

WHO02E14

WHO02E16
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Test WHO3 - Pipe Insulation on All Lines
Water Heating TDV Energy

(kBtu/ft?/y) EF Solution ACM Filenames
Label Passing Case Failing Case Passing Case Failing Case Passing Case Failing Case
WHO03C03
WHO03C09
WHO03C12
WHO03C14
WHO03C16

Test WHO04 - Recirculation Control
Water Heating TDV Energy

(kBtu/ft?/y) EF Solution ACM Filenames
Label Passing Case Failing Case Passing Case Failing Case Passing Case Failing Case
WHO04E03
WHO04E09
WHO04E12
WHO04E14
WHO04E16

Test WHOS5 -Large Gas Storage Water Heater
Water Heating TDV Energy

(kBtu/ft?/y) AFUE Solution ACM Filenames
Label Passing Case Failing Case Passing Case Failing Case Passing Case Failing Case
WHO5E03
WHO05E09
WHO5E12
WHO05E14
WHO05E16
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Test WHO6 - Recirculation Piping Insulation
Water Heating TDV Energy

(kBtu/ft?/y) EF Solution ACM Filenames
Label Passing Case Failing Case Passing Case Failing Case Passing Case Failing Case
WHO06E03
WHO06E09
WHO06E12
WHO06E14
WHO06E16

Test WHO7 — Number of Water Heaters
Water Heating TDV Energy

(kBtu/ft?/y) EF Solution ACM Filenames
Label Passing Case Failing Case Passing Case Failing Case Passing Case Failing Case
WHO07C03
WHO07C09
WHO07C12
WHO07C14
WHO07C16

Test WHO8 — Pump Controls
Water Heating TDV Energy

(kBtu/ft?/y) EF Solution ACM Filenames
Label Passing Case Failing Case Passing Case Failing Case Passing Case Failing Case
WHO8E03
WHO08E09
WHO08E12
WHO08E14
WHO8E16
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RA.5 Water Heating Neutral Variable Tests (WD)

Test WD01 - Increase House Size to 2500ft>

Water Heating TDV Energy (kBtu/ft?/y) ACM Filenames
Standard Design Standard Design
Proposed Design Equivalent Custom | Equivalent Proposed Standard Design
Label Custom Budget Budget Design Proposed Design Equivalent
WDO01C03
WDO01C09
WDO01C12
WD01C14
WDO01C16
Test WDO2 - Increase House Size to 3500ft>
Water Heating TDV Energy (kBtu/ft?/y) ACM Filenames
Standard Design Standard Design
Proposed Design Equivalent Custom | Equivalent Proposed Standard Design
Label Custom Budget Budget Design Proposed Design Equivalent
WD02C03
WD02C09
WD02C12
WD02C14
WD02C16
Test WDO03 - Increase Recirculation Piping Length
Water Heating TDV Energy (kBtu/ft?/y) ACM Filenames
Standard Design Standard Design
Proposed Design Equivalent Custom | Equivalent Proposed Standard Design
Label Custom Budget Budget Design Proposed Design Equivalent
WDO03D03
WDO03D09
WD03D12
WDO03D14
WDO03D16
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Test WD04 - Change Recirculation Pipe Location

Label

Water Heating TDV Energy (kBtu/ft?/y)

ACM Filenames

Proposed Design

Standard Design

Standard Design

Equivalent Custom

Equivalent Proposed

Custom Budget

Budget

Design

Proposed Design

Standard Design
Equivalent

WD04D03

WD04D09

WD04D12

WD04D14

WD04D16

Test WDO05 - Change to Individual Water Heaters

Label

Water Heating TDV Energy (kBtu/ft?/y)

ACM Filenames

Proposed Design

Standard Design

Standard Design

Equivalent Custom

Equivalent Proposed

Custom Budget

Budget

Design

Proposed Design

Standard Design
Equivalent

WD05D03

WD05D09

WD05D12

WD05D14

WD05D16

RA.6 Optional Capabilities Tests (OC)

Test OC01 - Dedicated Hydronic Heating

Space Conditioning

TDV Energy

(kBtu/ft?/y) Eenestration U-Factor Solution ACM Filenames
Label Passing Case Failing Case Passing Case Failing Case Passing Case Failing Case
OC01A03
OC01A09
OC01A12
OC01A14
OC01A16
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Test 0C02 - Combined Hydronic, Gas Water Heater.

Space Conditioning TDV Energy

(kBtu/ft?/y) Fenestration U-Factor Solution ACM Filenames
Label Passing Case Failing Case Passing Case Failing Case Passing Case Failing Case
OC02A03
OC02A09
OC02A12
OC02A14
OC02A16

Test OC03 - Combined Hydronic, Electric Resistance Water Heater.

Space Conditioning TDV Energy

(kBtu/ft?/y) Eenestration U-Factor Solution ACM Filenames
Label Passing Case Failing Case Passing Case Failing Case Passing Case Failing Case
OC03A03
OC03A09
OC03A12
OC03A14
OC03A16

Test 0C04 — Combined Hydronic, Heat Pump Water Heater.

Space Conditioning TDV Energy

(kBtu/ft?/y) Fenestration U-Factor Solution ACM Filenames
Label Passing Case Failing Case Passing Case Failing Case Passing Case Failing Case
OC04A03
OC04A09
OC04A12
OC04A14
OC04A16
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Test OCO05 - Control Vent Crawlspace
Space Conditioning TDV Energy

(kBtu/ft?/y) AFUE Solution ACM Filenames
Label Passing Case Failing Case Passing Case Failing Case Passing Case Failing Case
0OC05B03
OCO05B 09
OCO05B 12
OCO05B 14
OCO05B 16

Test OC06 - Zonal Control
Space Conditioning TDV Energy

(kBtu/ft?/y) AFUE Solution ACM Filenames
Label Passing Case Failing Case Passing Case Failing Case Passing Case Failing Case
OC06A03
OC06A09
OC06A12
OC06A14
OC06A16

Test OCO07 - Attached Sunspace
Space Conditioning TDV Energy

(kBtu/ft?/y) AFUE Solution ACM Filenames
Label Passing Case Failing Case Passing Case Failing Case Passing Case Failing Case
OC07A03
OC07A09
OC07A12
OC07A14
OC07A16
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Test OCO08 - Exterior Mass Walls
Space Conditioning TDV Energy

(kBtu/ft?/y) Wall R-Value Solution ACM Filenames
Label Passing Case Failing Case Passing Case Failing Case Passing Case Failing Case
OC08A03
OC08A09
OC08A12
OCO08A14
OC08A16

Test 0C940 - Gas Absorption Cooling

Space Conditioning TDV Energy

(kBtu/ft?/y) Fenestration U-Factor Solution ACM Filenames
Label Passing Case Failing Case Passing Case Failing Case Passing Case Failing Case
OC940A03
OC948A09
OC940A12
OC940A 14
OC940A16
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RA.7 Solar Systems Tests (SS)

Test SS01 - Solar System with Electric Backup

Enter the TDV space conditioning energy for the standard design and the proposed design — values should
match.

TDV Water Heating Energy (kBtu/ft?/y)
Test Label Standard Design Proposed Design ACM Filename
SS01A03
SS01A09
SS01A12
SS01A14
SS01A16

Test SS02 - Solar System with Gas Backup

Enter the TDV space conditioning energy for the standard design and the proposed design — values should
match.

TDV Water Heating Energy (kBtu/ft?/y)
Test Label Standard Design Proposed Design ACM Filename
SS02A03
SS02A09
SS02A12
SS02A14
SS02A16
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Test SS03 - Basecase Simulations

Enter the TDV water heating enerqgy for the standard design and the proposed design — values should match.
TDV Water Heating Energy (kBtu/ft?/y)

Test Label Standard Design Proposed Design ACM Filename
SS03F01
SS03F02
SS03F03
SS03F04
SS03F05
SS03F06
SS03F07
SS03F08
SS03F09
SS03F10
SS03F11
SS03F12
SS03F13
SS03F14
SS03F15
SS03F16

Test SS04- Collector Orientation

TDV Water Heating Energy (kBtu/ft?/y)
Test Label Standard Design Proposed Design ACM Filename
SS04F03
SS04F09
SS04F12
SS04F14
SS04F16

Test SS05- Collector Slope

TDV Water Heating Energy (kBtu/ft?/y)
Test Label Standard Design Proposed Design ACM Filename
SS05F03
SS05F09
SS05F12
SS05F14
SS05F16
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Test SS06- Collector Performance
TDV Water Heating Energy (kBtu/ft?/y)

Test Label Standard Design Proposed Design
SS06F03
SS06F09
SS06F12
SS06F14
SS06F16

ACM Filename

Test SS07- Collector Area

TDV Water Heating Energy (kBtu/ft?/y)
Test Label Standard Design Proposed Design ACM Filename

SS07F03
SS07F09
SS07F12
SS07F14
SS07F16

Test SS08- Storage Tank Size

TDV Water Heating Energy (kBtu/ft?/y)
Test Label Standard Design Proposed Design ACM Filename

SS08F03
SS08F09
SS08F12
SS08F14
SS08F16

Test SS10- Circulation Pump

TDV Water Heating Energy (kBtu/ft?/y)
Test Label Standard Design Proposed Design ACM Filename

SS10F03
SS10F09
SS10F12
SS10F14
SS10F16
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Test SS11- Freeze Control

TDV Water Heating Energy (kBtu/ft*/y)

Test Label Standard Design Proposed Design ACM Filename

SS11F03

SS11F09

SS11F12

SS11F14

SS11F16

S c litionina-Test 4
E Buildi ..

0+A00 HALT
02A00 02A0+
03A00 03A0+
04A00 04A01
05A00 05A0+
06A00 06A01
07A00 07ALL
03A00 08ALL
09A00 09A0)
10A00 10A0)
HAL0 HAGL
12A00 1ZA01
13A00 13AL
+4A00 HAL
15A00 1H5A
16A00 16A01
03800 03Bo+
09800 09Bo+
12800 12Bo+
14800 14Bo+
16800 16BO+

Appendix RA — Certification of Alternative Calculation Method




2005 Residential ACM Manual, Express Terms, 15-Day Language

Page RA-28

S Conditioning Test 2

Baseease Prototype
Build; Uoioid

0+A00

02A00

03A00

04A00

HAD2
02A02
03A02
04A02
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5 Conditionina Test 4
Reduce-wall-U-value-and-inerease-west-glass

B Buildi P ok

03A00

09A00

12A00

03A04
09A04
12A04

Prototype Variation
e el el
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s Conditionina Test 6
Reduce glazing U-value and add north-glass

S Conditionina Test.7

| lazing U-value.and reduce.al L oriontati

L Builds P Ueins

03A00

09A00

1+2A00

+4A00

03A06
09A07
12A07
HAG7

Prototype-Vartatton
Heating  Cooling  Total
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s Conditionina Test 9
Increase exposed mass and increase west glass area

03A00 03A09

09A00 09A09

12A00 12A09

14A00 +4A09

16A00 16A09
s Conditioning Test 10

Basecase Building Prototype-Vartation

03A00 03A10

09A00 09A10

+2A00 +2A10

+4A00 HALO

+6A00 +6A10
s Conditioning Test 14

Bascease Building Prototype Variation

03A00 03AH
09A00 09AH
12A00 2AH
+4A00 HAH
16A00 +6AH
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Total ~ Label  Hecating Total

Label Heating

7 one
ZZOT1IT

Enerov Budoet
ThOlrgy DutsCt

Standar-d
otanaarca

POLI/HVWR

TOOT7TIvyY IC

Pine Inculation
TTIPpTTISOTatror

Recire NoControl
pauvivsavsa Aviwivisizavss
Recire/Timer

jauvivisavas wsssivy

Recire/Nemand
jauvivisavypswavissicssyes

Recire/Timet+Temn

ARSI AR S SRs AT E s 2 8§ o

Recire/Tomn
ICT o7 oITp

TarancrrIipirs

Parallel Pining
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Gas. | ! olab floor buildi

Baseease Butlding StandardDestenEquivalent

(from custom budget column) (from proposcd design

bt Cooling  Total e Heating  Heating  Total
O1C3t HS3He
02C31 RHc
03C31 03c3Hc
04C31 0434
05C31 053
06C31 063
07C31 FS3HCe
08C31 083
09C31 093
10C31 H0c3Hce
HC31 HSSHCE
12C31 R2SHe
13C31 BSHe
14C31 HSHCe
15C31 BSS3He
16C31 63

Sas ! raised f el
L Build Standard Desien Equival
Hrom-custont-budget-column Hromproposed-deston

Label  Heating  Cooline Towd Label  Heating  Ceooline  Total

OHER2 HHER2E

0232 O2C32¢

OIE3R2 O3CR2C

G432 BHER2C

O3E32 O5CR2¢

BOE3R2 BOCR2CE
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07c32 07€32¢
03C32 03C32¢€
09c32 09€32¢
10E32 10E32€
HEe32 HE32€
12632 12632C€
13632 13E32¢€
+H4e32 HEe32€
15632 15632€
16C32 16E32C€
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Custom Budaet.S Conditioning 33

Cloctric ! lab. el

B Build; Standard Desicn Equival

(from custom budget column (from proposcd design

) . . .~ column)

Label  Hceating  Cooling  Total e Heating  Cooling  Total
(ATeen HE33C
vergen 02C33C
eTaeR 0333¢C
G 04C33¢€
Hele 05C33¢
Lol 06C33C
(neraen 07C33C
L 0833
Ll 09C33¢
e 033
R eers HE33C
SreTaer 2336
Sleer 3B33C
e HS33C
S EISer 5336
e +6C33C
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03A00 03A35
09A00 09A35
12A00 12A35
14A00 +4A3s
16A00 16A35
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Ontional Capability Test 51
- ' i

L Buildi P Uit

03860 0385+
09B60 09B5+
12800 +2B5+
14800 +H4B5+
16860 +6B5+
CustomBudgetTest
+2B5+ 2BsE
Ovtional Capability Test 52
Zonal-Control

03A00 03AS52
09A00 09AS2
12A00 12A52
14A00 14AS52
16A00 16AS52
Custom Budget Test

12A52 12A52€
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Obti L bilitv_Test 53
Sunspaces

03A00 03AS53
09A00 09AS53
12A00 12A53
14A00 14AS53
16A00 16AS53
Custom Budget Test
12A53 12A53C
Ontional Canability. Test 54
o Fin Shadi

03A00 03AS54
69A00 09AS4
12A00 12A54
14A00 14A54
16A00 16AS4
Custom Budget Test
12A54 12A54€
Ontional Capability Test 55
Exterior-Mass-Walls

03A00 03ASS
09A00 09ASS
12A00 12AS55
14A00 J4ASS
16A00 16ASS
Custom Budget Test
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12ASS 12ZASSCE

Ontional Capability Test 56
~ormbined Hyvdronic.S L \Water Hoat

03A00 03AS6K
09A00 09AS6K
12A00 12AS6K
+4A00 HASeK
16A00 16AS6K

03A00 03AS6L
09A00 09AS6L
12A00 12AS6L
14A00 HAS6L
16A00 16AS6L

B Buildi P N

03A00 03AS6M
09A00 09AS6M
12A00 12A56M
14A00 H4AS6M
16A00 16AS6M
e
12A56 12A56C
Opti L bility Test 57
Eorm 3-Generator
Label U—alye R-valye
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ACM RB-2005

Appendix RB! - Interior Mass Capacity

RB.1 Scope and Purpose

Interior Mass Capacity (IMC) is a measure of the total thermal mass in a low-rise residential building. IMC is
used to determine if a building qualifies as a high mass building. Credit for thermal mass in the Proposed
Design may only be considered when the Proposed Design qualifies as a high mass building. A high mass
building is one with thermal mass equivalent to having 30 percent of the conditioned slab floor exposed and
15% of the conditioned non-slab floor exposed two inch thick concretel

RB.2 Calculating Interior Mass Capacity (IMC)

The IMC for the building is calculated using Equation RB1. The IMC for the building is the sum of the area of
each mass material multiplied times its Unit Interior Mass Capacity (UIMC). Table RB-1, Table RB-2, and
Table RB-3 give UIMC values for a number of common thermal mass materials. This method allows for
multiple mass types common in low-rise residential construction.

Equation RB-1 IMC = Z; A, x UIMC,
where
IMC = Interior thermal mass of the building
Ai= Surface area of the i material
UIMCj = Unit Interior Mass Capacity (UIMC) of the i'™ material selected from Table RB-1, Table RB-2, and
Table RB-3
N = Number of thermal mass materials in the Proposed Design

RB.3 IMC Threshold for a High Mass Building

In order to qualify as a high mass building, the Proposed Design must have an IMC greater than or equal to
that determined from Equation RD2. The IMC threshold is based on 30% of the conditioned slab area (CSA)
being exposed (UIMC=4.6); 70% of the CSA being covered (UIMC=1.8); and 15% of the conditioned non-slab
floor area as exposed two inch thick concrete (UIMC=2.5).

IMCrpreshoid =0-3x4.6xCSA +0.7x1.8xCSA +0.15x2.5x (CFA -~ CSA)

Equation RB-2
=2.640xCSA +0.375x (CFA-CSA)

where:
CSA = Conditioned Slab floor Area
CFA = Total Conditioned Floor Area
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Table RB-1— Interior Mass UIMC Values:_Interior Mass''- Surfaces Exposed on One Side™
Material Surface Condition Mass Thickness (inches) Unit Interior Mass Capacity
Concrete Exposed. 2.00 3.6
Slab-on-Grade and 3.50 4.6
Raised Concrete Floors 6.00 51
Covered 2.00 1.6
3.50 1.8
6.00 1.9
Lightweight Exposed 0.75 1.0
Concrete’ 1.00 14
1.50 2.0
2.00 2.5
Covered 0.75 0.9
1.00 1.0
1.50 1.2
2.00 14
Solid Wood® Exposed 1.50 1.2
3.00 1.6
Tile*’ Exposed 0.50 0.8
1.00 17
1.50 24
2.00 3.0
Masonry*® Exposed 1.00 2.0
2.00 27
4.00 4.2
Adobe’ Exposed 4.00 3.8
6.00 3.9
8.00 3.9
Framed Wall 0.50" Gypsum na 0.0
0.63" Gypsum na 0.1
1.00" Gypsum na 0.5
0.88" Stucco na 1.1
Masonry Infill’ 0.50" Gypsum 3.50 1.3
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Table RB-2 — Interior Mass UIMC Values: Interior Mass' ' - Surfaces Exposed on Two Sides”’

3

Material Surface Condition Mass Thickness (inches) Unit Interior Mass Capacity
Partial Grout Exposed’ 4.00 6.9
Masonry’ 6.00 7.4
8.00 74
Solid Grout Exposed 4.00 8.3
Masonrf’6 6.00 9.2
8.00 9.6
Adobe Exposed 4.00 7.6
12.00 7.8
16.00 76
Solid Wood/ Exposed 3.00 3.3
Logs 4.00 33
6.00 3.3
8.00 3.3
Framed Wall 0.50" Gypsum na 0.0
0.63" Gypsum na 0.2
1.00" Gypsum na 0.9
0.88" Stucco na 2.1
Masonry Infill’ 0.50" Gypsum 3.50 2.6
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Table RB-3 — Exterior Wall Mass UIMC Values'®

Material Surface Condition Mass Thickness (inches)  Wall U-value Unit Interior Mass
Capacity
Solid Wood/ Exposed’ 3.00 0.22 07
Logs 4.00 0.17 0.9
6.00 0.12 i1
8.00 0.093 1.2
10.00 0.075 13
12.00 0.063 1.3
Wood Cavity Exposed 3.00" 0.11 1.1
wall™ 0.065 13
0.045 14
Adobe Exposed 8.00 0.35 21
16.00 0.21 2.8
24.00 0.15 3.1
Masonry Framed Wall 4.00 0.10 na
Veneer' 0.08 na
0.06 ha
Adobe Framed Wall 4.00 0.10 na
Veneer 0.08 na

o
o
[e>)
=}
[\

Partial Grout Exposed’ 4.00 0.68 0.9
Masonry4 0.58 1.0
6.00 0.54 13

0.44 15

8.00 0.49 15

0.38 17

Furred'® 4.00 0.40 0.5

0.30 0.5

0.20 0.5

0.10 0.5

0.08 0.5

0.30 0.6

0.20 0.5

0.10 0.5

0.08 0.5

8.00 0.30 0.8

0.20 0.5

0.10 0.5

0.08 0.5
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Table RB-3: Exterior Wall Mass UIMC Values (continued)ﬁ

Material Surface Condition Mass Thickness (inches)  Wall U-value Unit Interior Mass
Capacity
Solid Grout Exposed 4.00 0.79 1.0
Masonry"® 6.00 0.68 15
8.00 0.62 1.8
Furred'® 4.00 0.40 0.5
0.30 0.5
0.20 0.5
0.10 0.5
0.08 0.5
6.00 0.40 07
0.30 0.5
0.20 0.5
0.10 0.5
0.08 0.5
8.00 0.40 0.8
0.30 0.6
0.20 0.5
0.10 0.5
08 0.5

RB.4 Table Notes

1. "Exposed" means that the mass is directly exposed to room air or covered with a conductive material such
as ceramic tile.

"Covered" includes carpet, cabinets, closets or walls.

The indicated thickness includes both the tile and the mortar bed, when applicable.

Masonry includes brick, stone, concrete masonry units, hollow clay tile and other masonry.

The unit interior mass capacity for surfaces exposed on two sides is based on the area of one side only.

"Solid Grout Masonry" means that all the cells of the masonry units are filled with grout.

The indicated thickness for masonry infill is for the masonry material itself.

Use the Exterior Mass value for calculating Exterior Wall Mass.

© | N @ | |k @ N

Mass located inside exterior walls or ceilings may be considered interior mass (exposed one side) when it
is insulated on the exterior with at least R-11 insulation, or a total resistance of R-9 including framing
effects.

10. "Furred" means that 0.50-inch gypsum board is placed on the inside of the mass wall separated from the
mass with insulation or an air space.

11. When mass types are layered, e.qg. tile over slab-on-grade or lightweight concrete floor, only the mass type
with the greatest interior mass capacity may be accounted for, based on the total thickness of both layers.

12. This wall consists of 3 inches of wood on each side of a cavity. The cavity may be insulated as indicated
by the U-value column.

13. Values based on properties of materials listed in 1993 ASHRAE Handbook of Fundamentals.
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InteriorM "
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IHt
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ACM RC-2005

Appendix RCE — Procedures for Field Verification and

Dagnost ¢ esling SopdhrePrococpe o oo pe
the-Seasenal Energy-Efficiencies

of Air Distribution Systems

RCF1 IntroductionPurpose and Scope

ACM RC-2005 contains procedures for measuring the air leakage in forced air distribution systems as well as
procedures for verifying duct location, surface area and R-value.

ACM RC-2005 applies to air distribution systems in both new and existing low-rise residential buildings.

ACM RC-2005 provides required procedures for installers, HERS raters and others who need to perform field
verification and diagnostic testing to verify the efficiency of air distribution systems. Algorithms for determining
distribution system efficiency are contained in Chapter 4 of the residential ACM. Table RC-1 is a summary of

the tests and criteria included in ACM RC-2005.

Table RC-1 — Summary of Diagnostic Measurements

Diagnostic Description Procedure

Supply Duct Location, Verify that duct system was RF4.3 Diagnostic Supply Duct Location, Surface
Surface Area and R- installed according to the Area and R-value

factor design, including location, size

and length of ducts, duct
insulation R-value and
installation of buried ducts.

Duct Leakage Verify that duct leakage is less RC4.3 Diagnostic Duct Leakage
than the criteria or in the case
of existing ducts that all
accessible leaks have been
sealed

RCF2 Instrumentation Specifications

The instrumentation for the air distribution diagnostic measurements shall conform to the following
specifications:

RCF2.1 Pressure Measurements

All pressure measurements shall be measured with measurement systems (i.e. sensor plus data acquisition
system) having an accuracy of + 0.2 Pa. All pressure measurements within the duct system shall be made with
static pressure probes_as specified by the measurement equipment manufacturer.

Appendix RC — Procedures for Field Verification and Diagnostic Testing of Air Distribution Systems




2005 Residential ACM Manual, Express Terms, 15-Day Language Page RC-2

RCF2.23 Duct Leakage Measurements

The measurement of air flows during duct leakage -testing shall have an accuracy of £3% of measured flow
using digital gauges.

RC2.3 Calibration

All instrumentation used for fan-flow-and-duct leakage diagnostic measurements shall be calibrated according
to the manufacturer’s calibration procedure to conform to the above accuracy requirement. All testers
performing diagnostic tests shall obtain evidence from the manufacturer that the equipment meets the accuracy
specifications. The evidence shall include equipment model, serial number, the name and signature of the
person of the test laboratory verifying the accuracy, and the instrument accuracy. All diagnostic testing
equipment is subject to re-calibration when the period of the manufacturer’'s guaranteed accuracy expires.

RCF3 Apparatus

RC3.1 Duct Pressurization

The apparatus for fan pressurization duct leakage measurements shall consist of a duct pressurization and
flow measurement device meeting the specifications in Section RC24-4-3.

RC3.2 Duct Leakage to Outside (Existing Duct Systems)

The apparatus for measuring duct leakage to outside shall include a fan that is capable of maintaining the
pressure within the conditioned spaces in the house 25 Pa relative to the outdoors. The fan most commonly
used for this purpose is known as a “blower door’[gwp 2], and is typically installed within a temporary seal of an

open doorway.

RC3.3 Smoke-Test of Accessible-Duct Sealing (Existing Duct Systems)

The apparatus for determining and verifying sealing of all accessible ducts shall also include means for
introducing controllable amounts of non-toxic visual smoke into the duct pressurization apparatus for identifying
leaks in accessible portions of the duct system. Adequate smoke shall be used to assure that any accessible
leaks will emit visibly identifiable smoke.
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RCF4 Procedures

m : +—T his section describes procedures
that may be used to verlfv d|aqnost|c mputs for the calculat|on of improved duct efficiency.
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RCA4.6-1 Diagnostic Supply Duct Location, Surface Area and R-valueDuct Wall Thermal
Resistanee

The performance calculations in ACM R4 allow credit for duct systems that are designed to be in advantageous
locations, with reduced supply duct surface areas and/or higher than default R-values. Compliance credit may
be taken for one or more of these duct system improvements in any combination. The procedure in this
section is used to verify that the duct system is installed according to the design and meets the requirements
for compliance credit.

RC4.1.1 Duct System Design Requirements

The design shall show the location of equipment and all supply and return registers. The size, R-value, and
location of each duct segment shall be shown in the design drawing which shall be cross referenced to the
Supply Duct System Details report in the CF1-R. For ducts buried in attic insulation, the portion in contact with
the ceiling or deeply buried shall be shown and the design shall include provisions for ducts crossing each
other, interacting with the structure, and changing vertical location to connect with elevated equipment or
registers as required. Credit shall be allowed for buried ducts only in areas where the ceiling is level and there
is at least 6 inches of space between the outer jacket of the installed duct and the roof sheathing above.
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RC4.1.2 Verifying the Duct System Installation

The location of all supply and return registers shall be verified from an inspection of the interior of the dwelling
unit. The location of the equipment and the size, R-value and location of each duct segment shall be verified
by observation in the spaces where they are located. Deviations from the design shall not be allowed.

RC4.1.3 Verification for Ducts Buried in Attic Insulation

The procedure of RC4.2.2 shall be carried out prior covering the ducts with insulation. Ducts to be buried shall
be insulated to R4.2 or greater. In addition ducts designed to be in contact with the ceiling shall be in
continuous contact with the ceiling drywall or ceiling structure not more that 3.5 inches from the ceiling drywall.
A sign must be hung near the attic access reading “Caution: Buried Ducts. Markers indicate location of buried
ducts.” All ducts which will be completely buried shall have vertical markers which will be visible after insulation
installation at not more than every 8 feet of duct length and at the beginning and end of each duct run.

After the ceiling insulation is installed, the R-value and type of insulation listed on the Duct System Details shall
be verified. Ceiling insulation shall be level and uniform, mounding at ducts is not allowed.

RC4.2 System Fan Flow

For the purpose of establishing duct leakage criteria, the total fan flow shall be calculated using RC4.2.1,
RC4.2.2 or RC4.2.3.

RC4.2.1 Default System Fan Flow

Default system fan flow may be used only for homes where the duct system is being tested before the air
conditioning and heating system is installed and the equipment specification is not known. For heating only
systems the default fan flow shall be 0.5 CFM/CFA. For systems with cooling, the default fan flow shall be 400
CFEM per ton of rated cooling capacity calculated by the ACM using the procedure in ACM RF-2005 or the
heating only value whichever is greater.

RC4.2.2 Nominal System Fan Flow

For heating only systems the fan flow shall be 21.7 x Heating Capacity in thousands of Btu/hr. For systems
with cooling, the fan flow shall be 400 CFM per nominal ton of rated cooling capacity at ARI conditions or the
heating only value whichever is greater.

RC4.2.2 Measured System Fan Flow
The fan flow shall be shall be as measured according to the procedure in ACM RF-2005.
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RCA4.8.23 Diagnostic Duct Leakage

Diagnostic duct leakage measurement is used by installers and raters to gquantify-verify that total leakage-for
the-caleulation-ofair-distribution-efficieney meets the criteria for any sealed duct system specified in the

compliance documents. Diagnostic Duct Leakage from Fan Pressurization of Ducts (4.3.1) is the only
procedure that may be used bv a HERS rater to ver|fv duct sealing in a new home Ieebtam—tht—ympreved

4—&8—2—2—must—beupe#ermed- Table RC 2 shows the Ieakaqe criteria and test procedures that mav be used to
demonstrate compliance. In addition to the minimum tests shown, existing duct systems may be tested to
show thev complv W|th the crlterla for new duct systems. Heuses—beﬂt—aﬁeﬁ##—ggg—shau—net-be—auewed—te
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Table RC-2 Duct Leakage Tests
Leakage criteria, % of total fan
Case User and Application flow Procedure
Sealed and tested new duct systems Installer Testing at Final 6% RC4.3.1
HERS Rater Testing
Installer Testing at Rough- in, Air 6% RC4.3.2.1
Handling Unit Installed Installer Inspection at Final RC4.3.2.3
Installer Testing at Rough-in, Air 4% RC4.3.2.2
Handling Unit Not Installed Installer Inspection at Final RC4.3.2.3
Sealed and tested altered existing duct Installer Testing 15% Total Duct Leakage RC4.3.1
system HERS Rater Testing
Installer Testing 10% Leakage to Outside RC4.3.3.
HERS Rater Testing
Installer Testing and Inspection 60% Reduction in Leakage and RC4.3.4
HERS Rater Testing and Inspection and Smoke Test RC4.3.6 and
Verification RC4.3.7
Installer Testing and Inspection Fails Leakage Test but All RC4.3.5
HERS Rater Testing and Accessible Ducts are Sealed RC4.3.6 and
Verification Inspection and Smoke Test with RC4.3.7

100% Verification

RC4.38.12.1 Diagnostic Duct Leakage from Fan Pressurization of Ducts

The obijective of this procedure is for an installer to determine or a rater to verify the total leakage of a new or

altered duct system. The total duct leakage shall be determined by pressurizing both the supply and return the
ducts to a pressure difference of 25 Pascals. The following procedure shall be used for the fan pressurization

tests:

1. Verify that the air handler, supply and return plenums and all the connectors, transition pieces, duct boots

and reqisters are installed. The entire duct system shall be included in the total leakage test.

2. For newly installed or altered ducts, verify that cloth backed rubber adhesive duct tape has not been used

and if a platform or other building cavity used to house the air distribution system has been newly installed

or altered, it contains a duct or is ducted with duct board or sheet metal.

3. Seal all the supply and return registers, except for one return register or the system fan access.

24. Attach the fan flowmeter device to the duct system at the unsealed register or access door.

35. Install a static pressure probe at a supply.

46. Adjust the fan flowmeter to produce a 25 Pascal (0.1 in water) pressure difference between the supply duct
and the outside or the building space with the entry door open to the outside.

57. Record the flow through the flowmeter, (Qi..i25)—this is the total-duct-leakage flow at 25 Pascals.

8. Divide the leakage flow by the total fan flow and convert to a percentage. If the leakage flow percentage is

less than the criteria from Table RF-2 the system passes.

When the diagnostic leakage test is performed and the measured total duct leakage is less than 6% of the total
fan flow, the duct leakage factor shall be 0.96 as shown in Table RCE3.

RC4.3.28.2.2 Diagnostic Duct Leakage at Rough-in Construction Stage Using-An-Aerosol-Sealant

Closure System

Installers may determine Bduct leakage in new construction may-be-determined-by using diagnostic
measurements at the rough-in building construction stage prior to installation of the interior finishing-wall-when
dusing-an-aerosol-sealant-closure-system. When using this measurement technique, the installer shall complete
additional verification-inspection (as described in section RC4.3-8-23.2.3) of duct integrity shall-be-completed
after the finishing wall has been installed. In addition, after the finishing wall is installed, spaces between the
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register boots and the wallboard shall be sealed. Cloth backed rubber adhesive duct tapes shall not be used to
seal the space between the register boot and the wall board.

The duct leakage measurement at rough-in construction stage shall be performed using a fan pressurization
dewce The duct Ieakage shall be determined by pressurizing both the supply and return ducts to 25 Pa. The

RC4.3.8-2.2.1 For Ducts with the Air Handling Unit Installed and Connected:
For total leakage:

1. Verify that supply and return plenums and all the connectors, transition pieces and duct boots have been
installed. If a platform or other building cavity is used aspart-ofto house the air distribution system, it must
shall contain a duct, and all return connectors and transition parts shall be installed and sealed. The
platform, duct and connectors shall be included in the total leakage test._All joints shall be inspected to
ensure that no cloth backed rubber adhesive duct tape is used.

Seal all the supply duct boots and return boxes except for one return duct box.
Attach the fan flowmeter device at the unsealed duct box.

Insert a static pressure probe at one of the sealed supply duct boots.

o &~ DN

Adjust the fan flowmeter to maintain 25 Pa (0.1 in water) between the duct system and outside or the
building space with the entry door open to the outside.

6. Record the flow through the flowmeter, this is the leakage flow at 25 Pascals.Receord-the-airflow-through
T T e e e

7. Divide the leakage flow by the total fan flow and convert to a percentage. If the leakage flow percentage is

less than the criteria from Table RC2 the system passes.Divide-the-measured-totaHleakage-by-the- total-fan

RC4.3.8-2.2.2 For Ducts with Air Handling Unit Not Yet Installed:
For total leakage:

1. Verify that all the connectors, transition pieces and duct boots have been installed. If a platform_or other
building cavity is used as-part-ofto house the air distribution system, it must contain a duct, and all return
connectors and transition parts shall be installed and sealed. The platform, duct and connectors shall be
included in the total leakage test.

2. Use a duct connector to connect supply and/or return duct box to the fan flowmeter. Supply and return
leaks may be tested separately. If there is only one return register, the supply and return leaks shall be
tested at the same time.

Seal all the supply duct boots and/or return boxes except for one supply or return duct box.
Attach the fan flowmeter device at the unsealed duct box.

Insert a static pressure probe at one of the sealed supply duct boots.

o o~ w

Adjust the fan flowmeter to maintain 25 Pa (0.1 in water) between the building conditioned space and the
duct system.

7. Record the flow through the flowmeter, this is the leakage flow at 25 Pascals.

socoriho ol tlon e treven e fovenalon [0 o nie e dhe fetal cel lenlnas o OF Do

8._ -Divide the leakage flow by the total fan flow and convert to a percentage. If the leakage flow percentage is

less than the criteria from Table RC-2 the system passes.Divide-the-measured-totalleakage by-the total
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RC4.38-:2.2.3 Installer Visual Inspection at Final Construction StagePest-Reugh-in-DuctlLeakage-‘ferification

After installing the interior finishing wall and verlfymg that one of the above rough |n tests was completed the
following procedure shaII be used ORe -

1.  Remove at least one supply and one return register, and verify that the spaces between the register boot
and the interior finishing wall are properly sealed.

2. If the house rough-in duct leakage test was conducted without an air handler installed, inspect the
connection points between the air handler and the supply and return plenums to verify that the connection
points are properly sealed.

3. Inspect all joints to ensure that no cloth backed rubber adhesive duct tape is used.
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RC4.3.3 Duct Leakage to Outside from Fan Pressurization of Ducts

The obijective of this test for altered existing duct systems only is to provide an alternate measurement of duct

leakage to outdoors. The total duct leakage to outdoors shall be determined by pressurizing the ducts and the

conditioned spaces of the house to 25 Pa. The following procedure shall be used for the fan pressurization test

of leakage to outside:

1.

Seal all the supply and return registers except one return register or the fan access door.

Attach the fan flowmeter device to the duct system at the unsealed register or access door.

Install a static pressure probe at the supply plenum.

Attach a blower door to an external doorway.

S Rl IS

If any ducts are located in _an unconditioned basement, all doors or accesses between the conditioned

space and the basement shall be closed, and at least one operable door or window (if it exists) between
the basement and outside shall be opened during the test.

If the ducts are located in a conditioned basement, any door between the basement and the remaining

conditioned space shall be opened, and any basement doors or windows to outside must be closed during
the test.

Adjust the blower door fan to provide 25 Pa [0.1 inches of water] pressure difference between the

conditioned space and outside.

Adjust the fan/flowmeter to maintain zero pressure (+0.5Pa [+0.002 inches water]) between the ducts and

9.

the conditioned space, and adjust the blower door fan to maintain 25 Pa (+0.5Pa) [0.1 inch water (+0.002
inches water)] between the conditioned space and outside. This step may require several
iterations[gwp 71].

Record the flow through the flowmeter (Q25 [QO0.1]); this is the duct leakage at 25 Pa [0.1 inch water].

10.

Divide the leakage flow by the total fan flow and convert to a percentage. If the leakage flow percentage is

less than the criteria from Table RC-2 the system passes.

RC4.3.4 Leakage Improvement from Fan Pressurization of Ducts

For altered existing duct systems which do not pass the Total Leakage (RC4.3.1) or Leakage to Outside

(RC4.3.3) tests, the objective of this test is to show that the original leakage is reduced through duct sealing as

specified in Table RC-2 The following procedure shall be used:.

1.

Use the procedure in RC4.3.1 to measure the leakage before commencing duct sealing.

2. After sealing is complete use the same procedure to measure the leakage after duct sealing.

3. Subtract the sealed leakage from the original leakage and divide the remainder by the original leakage. If
the leakage reduction is 60% or greater of the original leakage, the system passes.

4. Complete the Smoke Test specified in RC4.3.6

5. Complete the Visual Inspection specified in RC4.3.7.

RC4.3.5 Sealing of All Accessible Leaks

For altered existing duct systems that do not pass any of the Total Leakage (RC4.3.1), Leakage to Outside
(RC4.3.3) or Leakage Improvement (RC4.3.4) tests, the objective of this test is to show that all accessible
leaks are sealed and that excessively damaged ducts have been replaced. The following procedure shall be
used:

1. Complete each of the leakage tests

Complete the Smoke Test as specified in RC4.3.6

Complete the Visual Inspection as specified in RC4.3.7.

Sl (S

Install required label on the system stating that the system fails the leakage tests.
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RC4.3.6 Smoke-Test of Accessible-Duct Sealing

For altered existing ducts that fail the leakage tests, the objective of the smoke test is to confirm that all
accessible leaks have been sealed. The following procedure shall be used:

1. Inject either theatrical or other non-toxic smoke into a fan pressurization device that is maintaining a duct
pressure difference of 25 Pa relative to the duct surroundings, with all grilles and registers in the duct

system sealed.
2. Visually inspect all accessible portions of the duct system during smoke injection.

The system shall pass the test if either of the following conditions are met:

i. No visible smoke exits the accessible portions of the duct system.; or

ii. Smoke only emanates from the portion of the HVAC equipment containing the furnace vestibule which is
gasketed and sealed by the manufacturer rather than from the ducts.

RC4.3.7 Visual Inspection of Accessible Duct Sealing

For altered existing ducts that fail the leakage tests, the objective of this inspection in conjunction with the
smoke test (RC4.3.6) is to confirm that all accessible leaks have been sealed and that excessively damaged
ducts have been replaced. The following procedure shall be used:

1. Visually inspect to verify that the following locations have been sealed:

e Connections to plenums and other connections to the forced air unit

e Refrigerant line and other penetrations into the forced air unit

e Air handler door panel (do not use permanent sealing material, metal tape is acceptable)

e Regqister boots sealed to surrounding material

e Connections between lengths of duct, as well as connections to takeoffs, wyes, tees, and splitter
boxes.

2. Visually inspect to verify that portions of the duct system that are excessively damaged have been
replaced. Ducts that are considered to be excessively damaged are:

e Flex ducts with the vapor barrier split or cracked with a total linear split or crack length greater than
12 inches

e Crushed ducts where cross-sectional area is reduced by 30% or more

e Metal ducts with rust or corrosion resulting in leaks greater than 2 inches in any dimension

e Ducts that have been subject to animal infestation resulting in leaks greater than 2 inches in any
dimension

_ (Asattic +0.001)Tatic +Ascrawl X Terawl + Aspase X Thase

T
amo.s Agout +0.001
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~ Avrattic Tattic + Arcraw X Torawl + Arpase * Toase c

-
—Famb,r A
r,out

The supply-and return-conduction fractions, Bsand B, shall be calculated as follows:
B AS out
B.=exp ’ Equation-RE7
1.08Q, xR
B = exp B Ar,out E : RES
! 1.08Q, xR,
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ACM RD-2005

Appendix RDK — Procedures for Determining Required
Refrigerant Charge and-Adeqguate-Airflow-for Split

System Space Cooling Systems without Thermostatic
Expansion Valves

of thls thlsappend%desenbesprocedures is to determlne and venfv that iepdete;mmmgymare&dentlal split
system space cooling systems and heat pumps have -has-the required refrigerant charge and-adequate-airflow

across-the-evaporatorcoil. The applieability-of-these-procedures-have-the-fellowing-limitations:
detailed-in-this-appendix-only apply to ducted split system central air conditioners and ducted split system

central heat pumps that do not have thermostatlc expanS|on valves (TXVs) A&an—attematwe—te—th&preeedmes

dwelling units W|th multiple split systems or heat pumps, the procedure shall be applied to each svstem
separately.

Note-that-tThe procedures detailed in this-appendix-ACM RD-2005 are intended to be used after the HVAC
installer has mstalled and charged the air condltloner or heat pump system in accordance with the

equ#&entmaeeerdaneewrththemanufacturers mstructlons and specmcatlons for the specific model
equipment installed. The installer shall certify to the builder, building official and HERS rater that they-have
he/she has followed these-the manufacturer’s instructions and specifications prior to proceeding with the

procedures in this appendix.

Fhis-appendix-ACM RD-2005 defines two procedures, the Standard Charge and-Airflow-Measurement
precedure-Procedure in Section RD2 and the Alternate Charge and-Airflow-Measurement Pprocedure in
Section RD3. The Standard procedure shall be used when the outdoor air temperature is 55°F or above and
shall always be used for HERS rater verification. HVAC installers who must complete system installation when
the outdoor temperature is below 55°F shall use the Alternate procedure.

The following sections document the instrumentation needed, the required instrumentation calibration, the
measurement procedure, and the calculations required for each procedure. Note: Wherever thermocouples
appear in this document, thermisters can be used instead with the same requirements applying to thermisters
as to thermocouples.

The reference method algorithms adjust (improve) the efficiency of split system air conditioners and heat
pumps when they are diagnostically tested to have the correct refrigerant charge or when field verification
indicates that a TXV has been installed. Table RD-1 summarizes the algorithms that are affected by refrigerant
charge testing or field verification of a TXV.
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Table RD-1 — Summary of Diagnostic Measurements

Variables and Proposed Design
Input to the Equation
Algorithms Reference Description Standard Design Value Default Value Procedure
Cooling Frxv Fixvtakes on a value of Split systems are assumed  No refrigerant charge RD2 or RD3
System — 0.96 when the system has to have refrigerant charge testing or TXV.
Refrigerant (EQ- 4.42 been diagnostically tested testing or a TXV, when
Charge and 4.43) for the correct refrigerant required by Package D.

charge. Otherwise, Frxv
has a value of 0.90.

Note that a prerequisite for diagnostically testing the refrigerant charge is to verify that there is adequate airflow
over the evaporator coil. This diagnostic test is described in ACM RE-2005.

RDK2 Standard Charge and-Airflow-Measurement Procedure

This section specifies the Standard charge and-airflow-measurement procedure. Under this procedure,
required refrigerant charge is calculated using the Superheat Charging Method. and-The method also checks
adegquate-airflow across the evaporator coil is-{o determine whether the charge test is valid ealeulated-using the
Temperature Split Method or the air flow measurement methods in ACM RE-2005.

The Standard procedure detailed in this section shall be completed when the outdoor temperature is 55°F or
higher after the HVAC installer has installed and charged the system in accordance with the manufacturer’s
specifications. If the outdoor temperature is between 55°F and 65°F the return dry bulb temperature shall be
maintained above 70°F during the test. All HERS rater verifications are required to use this Standard
procedure.

RDK2.1 Minimum Qualifications for this Procedure

Persons carrying out this procedure reed-teshall be qualified to perform the following:

e Obtain accurate pressure/temperature readings from refrigeration manifold gauges.
¢ Obtain accurate temperature readings from thermometer and thermocouple set up.

e Check calibration of refrigerant gauges using a known reference pressure and thermometer/thermocouple
set up using a known reference temperature.

e Determine best location for temperature measurements in ducting system and on refrigerant line set.
e Calculate the measured superheat and temperature split.

¢ Determine the correct level of superheat and temperature split required, based on the conditions present at
the time of the test.

e Determine if measured values are reasonable.

RDK2.2 Instrumentation Specifications
Instrumentation for the procedures described in this section shall conform to the following specifications:
RDK2.2.1 Digital Thermometer

Digital thermometer must-shall have thermocouple compatibility (type K and J) and Celsius or Fahrenheit
readout with:

e Accuracy: £(0.1% of reading + 1.3° F).
e Resolution: 0.2° F.
RDK2.2.2 Thermocouples

Measurements require five (5) heavy duty beaded low-mass wire thermocouples and one (1) cotton wick for
measuring wet-bulb temperatures.
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RDK?2.2.3 Refrigerant Manifold Gauge Set

A standard multiport refrigerant manifold gauge with an accuracy of plus or minus 3% shall be used.

RDK2.3 Calibration

The accuracy of instrumentation shall be maintained using the following procedures. A sticker with the
calibration check date shall be affixed to each instrument calibrated.

RDK2.3.1 Thermometer/Thermocouple Field Calibration Procedure

Thermometers/thermocouples shall be calibrated monthly to ensure that they are reading accurate
temperatures. The following procedure shall be used to check thermometer/thermocouple calibration:

1. Step-+-Fill an insulated cup (foam) with crushed ice. The ice shall completely fill the cup. Add water to fill
the cup.

Step-2-Insert two thermocouples into the center of the ice bath and attach them to the digital thermometer.

Step-3-Let the temperatures stabilize. The temperatures shall be 32°F (+/- 1°F). If the temperature is off by
more than 1°F make corrections according to the manufacturer’s instructions. Any thermocouples that are
off by more than 3°F shall be replaced.

4. Step-4-Switch the thermocouples and ensure that the temperatures read on T1 and T2 are still within +/-
1°F of 32°F.

5. Step-5-Affix sticker with calibration check date onto thermocouple.
6. Step-6-Repeat the process for all thermocouples.
RDK?2.3.2 Refrigerant Gauge Field Check Procedure

Refrigerant gauges shall be checked monthly to ensure that the gauges are reading the correct pressures and
corresponding temperatures. The following procedure shall be used to check gauge calibration:

1. Step-+-Place a refrigerant cylinder in a stable environment and let it sit for 4 hours minimum to stabilize to
the ambient conditions.

2. Step-2-Attach a thermocouple to the refrigerant cylinder using duct tape so that there is good contact
between the cylinder and the thermocouple.

3. Step-3-Insulate the thermocouple connection to the cylinder (closed cell pipe insulation can be taped over
the end of the thermocouple to provide the insulation).

4. Step-4-Zero the low side compound gauge with all ports open to atmospheric pressure (no hoses
attached).

Step-5-Re-install the hose and attach the low side gauge to the refrigerant cylinder.
Step-6-Read the temperature of the thermocouple.

Step-#Using a pressure/temperature chart for the refrigerant, look up the pressure that corresponds to the
temperature measured.

8. Step-8If gauge does not read the correct pressure corresponding to the temperature, the gauge is out of
calibration and needs to be replaced or returned to the manufacturer for calibration.

9. Step-9Repeat the process in steps 4 through 8 for the high side gauge.
10. Step-10Affix sticker with calibration check date onto refrigerant gauge.

RDK2.4 Charge and-Airflow-Measurements

The following procedure shall be used to obtain measurements necessary to adjust required refrigerant charge

and-adeguate-airflow-as described in the following sections:
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Step1-1. If the condensor air entering temperature is less than 65°F, Eestablish a return air dry bulb |
temperature sufficiently high that the return air dry bulb temperature will be not less than 70°F prior to the
measurements at the end of the 15 minute period in step 2.

2. Step2-Turn the cooling system on and let it run for 15 minutes to stabilize temperatures and pressures |
before taking any measurements. While the system is stabilizing, proceed with setting up the temperature
measurements.

Step-3-Connect the refrigerant gauge manifold to the suction line service valve.

Step-4-Attach a thermocouple to the suction line near the suction line service valve. Be sure the sensor is
in direct contact with the line and is well insulated from air temperature.

5. Step-5Attach a thermocouple to measure the condenser (entering) air dry-bulb temperature. The sensor |
shall be placed so that it records the average condenser air entering temperature and is shaded from direct
sun.

6. Step-6-Be sure that all cabinet panels that affect airflow are in place before making measurements. The |
thermocouple sensors shall remain attached to the system until the final charge is determined.

7. Step-#Place wet-bulb thermocouple in water to ensure it is saturated when needed. Do not get the dry- |
bulb thermocouples wet.

Step-8lnsert the dry-bulb thermocouple in the supply plenum at the center of the airflow.

9. Step-9At 12 minutes, insert a dry-bulb thermocouple and a wet-bulb thermocouple into the return plenum at
the center of the airflow.

10. Step-10At 15 minutes when the return plenum temperatures have stabilized, using the thermocouples |
already in place, measure and record the return (evaporator entering) air dry-bulb temperature (T etum, db)
and the return (evaporator entering) air wet-bulb temperature (T etum, wb)-

11. Step-+4+-Using the dry-bulb thermocouple already in place, measure and record the supply (evaporator |
leaving) air dry-bulb temperature (Tsypply, db)-

12. Step-12-Using the refrigerant gauge already attached, measure and record the evaporator saturation |
temperature (Teyaporator, sat) from the low side gauge.

13. Step-13-Using the dry-bulb thermocouple already in place, measure and record the suction line |
temperature (Tsyction, db)-

14. Step-14-Using the dry-bulb thermocouple already in place, measure and record the condenser (entering) |
air dry-bulb temperature (Tcondenser, db)-

The above measurements shall be used to adjust refrigerant charge and airflow as described in following
sections.

RDK2.5 Refrigerant Charge Calculations |

The Superheat Charging Method is used only for non-TXV systems equipped with fixed metering devices.

These include capillary tubes and piston-type metering devices. The following steps describe the calculations

to determine if the system meets the required refrigerant charge using the measurements described in section
RD2.4. If a system fails, then remedial actions must be taken. If the refrigerant charge is changed and the |
airflow has been previously tested and shown to pass, then the airflow shall be re-tested. Be sure to complete
Steps 1 and 2 of Section RD2.4 before re-testing the airflow. Both the airflow and charge must be re-tested |
until they both sequentially pass.

1. Step-4Calculate Actual Superheat as the suction line temperature minus the evaporator saturation |
temperature.

ACtuaI Superheat = Tsuction, db — Tevaporator, sat-

2. Step-2-Determine the Target Superheat using Table RD2K-4 using the return air wet-bulb temperature |
(Treturn, wb) @nd condenser air dry-bulb temperature (Tcondenser, db)-
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3. Step-3-If a dash mark is read from Table RD-2Table-K-1, the target superheat is less than 5°F, then the
system does not pass the required refrigerant charge criteria, usually because outdoor conditions are too
hot and dry. One of the following adjustments is needed until a target superheat value can be obtained
from Table RD-2Table-K-1 by either 1) turning on the space heating system and/or opening the windows to
warm up indoor temperature; or 2) retest at another time when conditions are different. After adjustments,
repeat the measurement procedure as often as necessary to establish the target superheat. Allow system
to stabilize for 15 minutes before completing the measurement procedure again.

4. Step-4-Calculate the difference between actual superheat and target superheat (Actual Superheat - Target
Superheat)

5. Step-5lf the difference is between minus 5 and plus 5°F, then the system passes the required refrigerant
charge criteria.

6. Step-6-If the difference is greater than plus 5°F, then the system does not pass the required refrigerant
charge criteria and the installer shall add refrigerant. After the refrigerant has been added, turn the system
on and allow it to stabilize for 15 minutes before completing the measurement procedure again. Adjust
refrigerant charge and repeat the measurement procedure as many times as necessary to pass the test.

7. Step-#If the difference is between -5 and -100°F, then the system does not pass the required refrigerant
charge criteria, the installer shall remove refrigerant. After the refrigerant has been removed, turn the
system on and allow it to stabilize for 15 minutes before completing the measurement procedure again.
Adjust refrigerant charge and repeat the measurement as many times as necessary to pass the test.

RDK2.65 Adequate-Airflow CalculationsVerification

In order to have a valid charge test, the air flow shall be verified by either passing the temperature split test or
by one of the three measurements in ACM RE-2005 with a measured airflow in excess of 0.033 cfm/Btu
capacity rated at DOE A test conditions (400 cfm/12000 Btu) (dry coil).

The temperature split test method is designed to provide an efficient check to see if airflow is above the
required minimum_for a valid refrigerant charge test. The following steps describe the calculations using the
measurement procedure described in section RD2.4. If a system fails, then remedial actions must be taken. If
the airflow is changed and the refrigerant charge has previously been tested and shown to pass, then the
refrigerant charge shall be re-tested. Be sure to complete Steps 1 and 2 of Section RD2.4 before re-testing the
refrigerant charge. Both the airflow and charge must be re-tested until they both sequentially pass.

1. Step-1Calculate the Actual Temperature Split as the return air dry-bulb temperature minus the supply air
dry-bulb temperature. Actual Temperature Split = Tretumn, db = Tsupply, db

2. Step-2Determine the Target Temperature Split from Table RD-3Table-RK-2-using the return air wet-bulb
temperature (Trewm, wo) @and return air dry-bulb temperature (T eturn, db)-

3. Step-3If a dash mark is read from Table RD-3Table-RK-2, then there probably was an error in the
measurements because the conditions in this part of the table would be extremely unusual. If this
happens, re-measure the temperatures. If re-measurement results in a dash mark, complete one of the
alternate airflow measurements in Section RD3.4 below.

4. Step-4Calculate the difference between target and actual temperature split (Actual Temperature Split-
Target Temperature Split). If the difference is within plus 3°F and minus 3°F, then the system passes the
adequate airflow criteria.

5. Step-5lf the difference is greater than plus 3°F, then the system does not pass the adequate airflow
criteria and the airflow shall be increased by the installer. Increasing airflow can be accomplished by
eliminating restrictions in the duct system, increasing blower speed, cleaning filters, or opening registers.
After corrective measures are taken, repeat measurement procedure as often as necessary to establish
adequate airflow range. Allow system to stabilize for 15 minutes before repeating measurement procedure.

6. Step-6lf the difference is between minus 3°F and minus 100°F, then the measurement procedure shall be
repeated making sure that temperatures are measured at the center of the airflow.
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7. Step-7If the re-measured difference is between plus 3°F and minus 3°F the system passes the adequate
airflow criteria. If the re-measured difference is between minus 3°F and minus 100°F, the system passes,
but it is likely that the capacity is low on this system (it is possible, but unlikely, that airflow is higher than
average).

RDK3 Alternate Charge and-Airflow-Measurement Procedure

This section specifies the Alternate charge and-airflow-measurement procedure. Under this procedure, the
required refrigerant charge is calculated using the Weigh-In Charging Method.

HVAC installers who must complete system installation verification when the outdoor temperature is below
55°F shall use this Alternate procedure in conjunction with installing and charging the system in accordance
with the manufacturer’s specifications. HERS Raters shall not use this procedure to verify compliance.

Split system air conditioners come from the factory already charged with the standard charge indicated on the
name plate. The manufacturer supplies the charge proper for the application based on their standard liquid line
length. It is the responsibility of the HVAC installer to ensure that the charge is correct for each air conditioner
and to adjust the charge based on liquid line length different from the manufacturer's standard.

RDK3.1 Minimum Qualifications for this Procedure

HVAC installation technicians reed-teshall be qualified to perform the following:

1. Step4Transfer and recovery of refrigerant (including a valid Environmental Protection Agency (EPA)
certification for transition and recovery of refrigerant).

2. Step-2Accurately weigh the amount of refrigerant added or removed using an electronic scale.

Step-3Calculate the refrigerant charge adjustment needed to compensate for non-standard lineset
lengths/diameters based on the actual lineset length/diameter and the manufacturer’s specifications for
adjusting refrigerant charge for non-standard lineset lengths/diameters.

RDK3.2 Instrumentation Specifications

The digital scale used to weigh in refrigerant must have a range of .5 oz to at least 1200 oz (75 Ib.). The scale’s
accuracy must be + 0.25 oz.

RDK3.3 Weigh-In Method

The following procedure shall be used by the HVAC installer to charge the system with the correct refrigerant
charge.

1. Step-1Obtain manufacturer’s standard liquid line length and charge adjustment for alternate liquid line
lengths.

Step-2Measure and record the actual liquid line length (L actyal)-
Step-3Record the manufacturer’s standard liquid line length (L standara)-
Step-4Calculate the difference between actual and standard liquid line lengths
(L actua - L standara)-
5. Step-5Record the manufacturer’s adjustment for liquid line length difference per foot (A iengtn)-
Step-6Calculate the amount of refrigerant to add or remove and document the calculations on the CF-6R.

7. Step-#Weigh in or remove the correct amount of refrigerant
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Table RD-K-21: Target Superheat (Suction Line Temperature - Evaporator Saturation Temperature)

Return Air Wet-Bulb Temperature (°F)
(T return, wh)

50 | 51 | 52 | 53 | 54 | 55 | 56 | 57 | 58 | 59 | 60 | 61 | 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70 | 71 | 72 | 73 | 74 | 75 | 76
55 | 8.8 |10.1]11.5[12.8|14.2|15.6[17.1|18.5]|20.021.5|23.1]|24.6[26.2|27.8|29.4|31.0[32.4|33.8|35.1[36.4|37.7|39.040.2|41.5]|42.743.9|45.0
56 | 86 | 9.9 |11.2(12.6|14.0|15.4[16.8|18.2|19.7 |21.2|22.7|24.2|25.7 |27.3|28.9|30.5[31.8|33.2|34.635.9|37.2|38.5|39.7 (41.0|42.2|43.4 |44.6
57 | 83|96 |11.0(12.3|13.7|15.1[16.5|17.9|19.4|20.8 |22.3|23.8|25.3|26.8|28.3|29.9(31.3|32.6|34.0[35.3|36.7|38.0[39.2(40.5|41.7|43.0(44.2
58 | 79| 9.3 |106(12.0|13.4|14.8(16.2|17.6|19.0(20.4 |21.9|23.3|24.8(26.3|27.8|29.3(30.7|32.1|33.5[34.8|36.1|37.5|38.7(40.0|41.3|42.5|43.7
59 | 75|89 |10.2|11.6|13.0|14.4|15.8|17.2|18.6|20.0|21.4|22.9|24.3|25.7|27.2|28.7|30.1|31.5|32.9|34.3|35.6|36.9|38.3|39.5|40.8|42.1|43.3
60 | 7.0 | 84 | 9.8 |11.2(12.6|14.0|15.4[16.8|18.2]|19.6|21.0|22.4|23.8|25.2|26.6|28.1[29.6|31.0|32.4|33.7[35.1|36.4|37.8(39.1/40.4]|41.6|42.9
61 | 65|79 |93 |10.7(12.1|13.5|14.9(16.3|17.7|19.1|20.5|21.9|23.3|24.7 (26.1|27.5|29.0(30.4|31.8|33.2(34.6(35.9|37.3(38.6(39.9|41.2|424
62 | 6.0 |74 |88 |102(11.7|13.1|145[15.9|17.3|18.7|20.1|21.4|22.8|24.2(25.5|27.0|28.4(29.9|31.3|32.7|34.1|35.4|36.8(38.1|39.4|40.7|42.0
63 | 53|68 |83|97 (11.1|12.6|14.0(15.4|16.8|18.2|19.6|20.9|22.3|23.6(25.0|26.4|27.8(29.3|30.7|32.2(33.6(34.9|36.3(37.7|39.0/40.3|41.6
64 - 6.1|76 |91 10.6]|12.0|/13.5(14.9|16.3|17.7|19.0|20.4|21.7 (23.1|24.4|25.8|27.3|28.7|30.231.6|33.0|34.4|35.8|37.2|38.5(39.9(41.2
_ |65 - 54 | 7.0 | 85 [10.0[11.5[12.9|14.3|15.8[17.1|18.5[19.9|21.2|22.5|23.8|25.2|26.7 [28.2|29.7 |31.1|32.5|33.9|35.3|36.7 [38.1|39.4|40.8
'6:, 66 - 6.3 |78 |93(10.8(12.3(13.8(15.2|16.6(18.0(19.3(20.7|22.0(23.2(24.6|26.1|27.6(29.1|30.6(32.0(33.4(34.9(36.3(37.6(39.0(40.4
g 67 - - 55|71 |87 (10.2|11.7[(13.2|14.6|16.0|17.4|18.8|20.1|21.4(22.7|24.1|25.6(27.1|28.6|30.1(31.5|33.0|34.4|35.8(37.2|38.6|39.9
® 68 - - - 6.3 80|95 (11.1|12.6[14.0(15.5|16.8|18.2|19.5|20.8|22.1(23.5|25.0|26.5(28.0(29.5|31.0(32.5(33.9|35.3|36.8(38.1|39.5
g 69 - - - 55|72 |88 (104(|11.9(13.4|14.8|16.3|17.6(19.0|20.3|21.5(22.9|24.4|26.0(27.5|29.0|30.5(32.0|33.4|34.9(36.3|37.7|39.1
GE, 70 - - - - 6.4 |81 ]97 |11.2]112.7[14.2|15.7]17.0[18.4[19.7120.9|22.3[23.9|25.4[27.0[28.5|30.0|31.5[33.0/34.4|35.9|37.3[38.7
'; 71 - - - - 56| 73|89 (10.5|12.1|(136(15.0|16.4|17.8(19.1|20.3|21.7(23.3|24.9|26.4(28.0(29.5|31.0(32.5(34.0|35.4|36.9(38.3
S 72 - - - - - 6.4 | 81|98 (11.4]|129(14.4(15.8|17.2|185(19.7|21.2|22.8(24.3|25.9|27.4(29.0|30.5|32.0(33.5(35.0|36.5|37.9
né 73 - - - - - 56| 73|90 (10.7]|122|13.7(15.2|16.6|17.9(19.2|20.6|22.2(23.8|25.4|26.9|28.5|30.0|31.5(33.1|34.6|36.0|37.5
[=) 74 - - - - - - 6.5|82]99 (11.5|13.1[(145(15.9|17.3|18.6(20.0|21.6|23.2(24.8|26.4|28.0({29.5|31.1|32.6|34.1|35.6|37.1
5 75 - - - - - - 56 | 74 192 |10.8]|12.4[13.9/15.3|16.7[18.0[19.4|21.1|22.7 [24.3|25.9[27.5[29.1|30.6|32.233.7 35.2|36.7
by 76 - - - - - - - 6.6 | 84 [10.1(11.7|13.2|14.7|16.1|17.4|18.9(20.5|22.1|23.8(25.4|27.0|28.6|30.1|31.7|33.3|34.8(36.3
% 77 - - - - - - - 57 |75]93(11.0|125[14.0(15.4|16.8|18.3(20.0|21.6|23.2(24.9|26.5|28.1(29.7|31.3|32.8|34.4(36.0
T 78 - - - - - - - - 6.7 | 85 (10.2(11.8|13.4|14.8(16.2|17.7|19.4(21.1|22.7|24.4(26.0|27.6|29.2|30.8|32.4|34.0|35.6
8 79 - - - - - - - - 59|77 |95 (11.1]|12.7]|142|15.6|17.1|18.8(20.5|22.2|23.8(25.5|27.1|28.8|30.4|32.0|33.6|35.2
80 - - - - - - - - - 6.9 | 8.7 [10.4|12.0|13.5]/15.0|16.618.3|20.0|21.7|23.3[25.0[26.7 |28.3]|29.9|31.6|33.2]|34.8
81 - - - - - - - - - 6.0| 7997 (11.3|129|14.3(16.0|17.7|19.4(21.1|22.8|24.5[26.2(27.9|29.5|31.2(32.8|34.4
82 - - - - - - - - - 52| 71189 (106]12.2]13.7(15.4|17.2|18.9(20.6|22.3|24.0(25.7 |27.4|29.1|30.7 |32.4|34.0
83 - - - - - - - - - - 6.3 82|99 (11.6(13.1(14.9(16.6|18.4|20.1|21.8(23.5(25.2(26.9(28.6|30.3|32.0(33.7
84 - - - - - - - - - - 55|74 192 (109|125|14.3(16.1|17.8{19.6(21.3|23.0|24.8(26.5|28.2|29.9|31.6|33.3
85 - - - - - - - - - - - 6.6 | 8.5 [10.3|/11.9]|13.7]15.5|17.3|19.0[20.8|22.6|24.3|26.0[27.8|29.5]|31.2|32.9
4 86 - - - - - - - - - - - 58| 78|96 |11.3|13.2|15.0(16.7|18.5|20.3(22.1|23.8|25.6(27.3(29.1|30.8|32.6
87 - - - - - - - - - - - 50|7.0]89 |106|12.6|14.4(16.2|18.0|19.8(21.6|23.4|25.1(26.9(28.7|30.4|32.2
88 - - - - - - - - - - - - 6.3 | 8.2 [10.0(12.0|13.9(15.7|17.5]|19.3|21.1|22.9|24.7|26.5|28.3|30.1|31.8
89 - - - - - - - - - - - - 55|75|94 |115|13.3(15.1(17.0|18.8|20.6 (22.4|24.3|26.1(27.9|29.7|31.5
H 90 - - - - - - - - - - - - - 6.8 | 8.8 [10.9/12.8|14.6|16.5/18.3|20.1|22.0/23.8|25.6|27.5|29.3|31.1

Greyed area indicates test conditions where the return drybulb temperature must exceed 70°F |
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Table RD-K-21: Target Superheat (Suction Line Temperature - Evaporator Saturation Temperature) (continued)

Return Air Wet-Bulb Temperature (°F)
(T return, wb)

50 | 51 | 52 | 53 | 54 | 55 | 56 | 57 | 58 | 59 | 60 | 61 | 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70 | 71 | 72 | 73 | 74 | 75 | 76
91 - - - - - - - - - - - - - | 6.1]81(10.3(12.2|14.1{159(17.8(19.7|21.5|23.4(25.2|27.1|28.9|30.8
92 - - - - - - - - - - - - - | 54|75|98 (11.7|13.5(154(17.3|19.2|21.1|22.9|24.8|26.7|28.5|30.4
93 - - - - - - - - - - - - - - | 6.8]92(11.1(13.0|14.9|16.8(18.7|20.6|22.5|24.4|26.3|28.2|30.1
94 - - - - - - - - - - - - - - | 62|87 |106(125|14.4|16.3|18.2|20.2|22.1|24.0(25.9|27.8|29.7
95 - - - - - - - - - - - - - - | 56|81(10.0(12.0|13.9|15.8[17.8|19.7|21.6|23.6(25.5|27.4|29.4
96 - - - - - - - - - - - - - - - | 75]|95|11.4(13.4|15.3|17.3]19.2|21.2|23.2|25.1(27.1|29.0
|97 - - - - - - - - - - - - - - - | 70]|89|109(129|14.9|16.8|18.8|20.8|22.7|24.7 | 26.7 | 28.7
< 98 - - - - - - - - - - - - - - - | 6.4|84|104(124|14.4|16.4]18.3|20.3|22.3|24.3(26.3|28.3
g 99 - - - - - - - - - - - - - - - | 587999 (119]13.9(159(17.9(19.9|21.9|24.0(26.0|28.0
g 100 | - - - - - - - - - - - - - - - | 53|73|93(11.4|134|154(17.5(19.5|21.5|23.6(25.6|27.7
g 101 | - - - - - - - - - - - - - - - - | 6.8]88|109(129|15.0{17.0|19.1|21.1|23.2|25.3|27.3
'_; 102 | - - - - - - - - - - - - - - - - | 6.2]|83|104(12.4|14.5|16.6|18.6|20.7|22.8|24.9(27.0
E 103 | - - - - - - - - - - - - - - - - | 577899 (11.9|14.0{16.1]18.2|20.3|22.4|24.5|26.7
Qé‘ 104 | - - - - - - - - - - - - - - - - | 52|72|93(115|13.6(15.7[17.8(19.9|22.1|24.2|26.3
-2 105 | - - - - - - - - - - - - - - - - - | 6.7]88|11.0(13.1|15.2{17.4(19.5|21.7|23.8|26.0
?) 106 | - - - - - - - - - - - - - - - - - | 6.2]83(105(12.6|14.8{17.0(19.1|21.3|23.5|25.7
é 107 | - - - - - - - - - - - - - - - - - | 57]79]10.0(12.2|14.4|16.6(18.7|21.0|23.2|25.4
& |108]| - - - - - - - - - - - - - - - - - | 52|74|95(11.7]|13.9|16.1[18.4|20.6|22.8|25.1
© 109 | - - - - - - - - - - - - - - - - - - | 69]91|11.3(13.,5|15.7|18.0(20.2|22.5|24.7
110 | - - - - - - - - - - - - - - - - - - | 6486 |10.8(13.1|15.3|17.6(19.9|22.1|24.4
1M1 - - - - - - - - - - - - - - - - - - | 59|81|104(12.6|14.9{17.2(19.5|21.8|24.1
4112 - - - - - - - - - - - - - - - - - - | 547699 (122]|145|16.8(19.1|21.5|23.8
113 - - - - - - - - - - - - - - - - - - - | 72]95|11.8(14.1|16.4|18.8|21.1|23.5
114 - - - - - - - - - - - - - - - - - - - | 6.7]90|11.4(13.7|16.1|18.4(20.8|23.2
H115 - - - - - - - - - - - - - - - - - - - | 62|86 |109(13.3|15.7|18.1(20.5|22.9
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Table RD-K-32: Target Temperature Split (Return Dry-Bulb — Supply Dry-Bulb)

Return Air Wet-Bulb (°F) (T return, wb)
50 | 51 52 | 53 | 54 | 55 | 56 | 57 | 58 | 59 | 60 | 61 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70 | 71 72 | 73 | 74 | 75 | 76
70 |20.9(20.7|20.6|20.4{20.1|19.9(19.5(19.1(18.7|18.2|17.7(17.2|16.5(159|15.2|144|13.7|12.8|11.9|11.0(10.0| 90 | 79 | 6.8 | 5.7 | 45 | 3.2
71 121.4(121.3|21.1|20.9(20.7|20.4(20.1|{19.7(19.3|18.8|18.3[17.7|17.1(16.4|15.7 |15.0(14.2|13.4(125|11.5(106| 95 | 85 | 74 | 6.2 | 5.0 | 3.8
72 (21.9121.8|21.7(21.5|21.2|20.9(20.6|20.2|19.8(19.3|18.8|18.2|17.6|17.0|16.3|155(14.7|13.9|13.0(12.1(11.1]10.1| 9.0 | 79 | 6.8 | 5.6 | 4.3
73 |22.5|22.4|222(22.0|21.8|21.5(21.2|20.8|20.3(19.9(19.4|18.8|18.2(17.5|16.8|16.1|15.3|14.4|13.6(126(11.7|10.6| 96 | 85| 7.3 | 6.1 | 4.8
74 |23.0122.9|22.8(22.6|22.3|22.0({21.7|21.3|20.9(20.4(19.9|19.3|18.7(18.1|17.4|16.6|15.8|15.0|14.1(13.2(12.2|11.2|{101| 9.0 | 7.8 | 6.6 | 5.4
75 |23.6(23.5(23.3|23.1(22.9|22.6(22.2(219(214|21.0|20.4({19.9|19.3(18.6|17.9(17.2|16.4|15.5(14.7|13.7(12.7|11.7|10.7| 95| 84 | 7.2 | 5.9
76 |24.1|24.0|23.9|23.7(23.4|23.1(22.8|22.4(22.0/21.5|21.0{20.4|19.8(19.2|18.5|17.7|16.9|16.1(15.2|14.3(13.3|12.3|11.2/10.1| 89 | 7.7 | 6.5

Return Air Dry-Bulb (°F) (T return, db)

77 - |24.6|24.4(24.2|24.0|23.7(23.3|22.9|22.5({22.0|21.5|21.0{20.4|19.7|19.0(18.3|17.5|16.615.7|14.8|13.8(12.8|11.7|10.6| 9.5 | 83 | 7.0
78 - - - |24.7|124.5(24.2|23.9|23.5(23.1|22.6|22.1{21.5|20.9|20.2({19.5|18.8(18.0(17.2|16.3|15.4(14.4|13.4|123|11.2|10.0| 88 | 7.6
79 - - - - - 1248|24.4|24.0(23.6|23.1(22.6(22.1|21.4|20.8|20.1|19.3(18.5(17.7|16.8(15.9|14.9|13.9(12.8|11.7|10.6| 9.4 | 8.1
80 - - - - - - 125.0(24.6|24.2(23.7|23.2|22.6(22.0|21.3|20.6(19.9(19.1(18.3[17.4|16.4|15.5[14.4|13.4(123|{11.1| 9.9 | 8.7
81 - - - - - - - 1251|24.7|24.2|23.7|23.1|225(21.9|21.2|20.4|19.6|18.8(17.9|17.0|16.0(15.0|13.9|12.8(11.7|10.4| 9.2
82 - - - - - - - - 1252(24.8|24.2|23.7|23.1|22.4{21.7|21.0(20.2(19.3|185(17.5[16.6|15.5|14.5[13.4|12.2|11.0| 9.7
83 - - - - - - - - - 125.3|24.8(24.2(23.6|23.0(22.3|21.5|20.7(19.9(19.0|18.1(17.1]16.1|15.0(13.9[12.7|11.5|10.3
84 - - - - - - - - - 125.9(25.3(24.8(24.2|23.5(22.8(22.1|21.3(20.4[19.5|18.6(17.6|16.6|15.6(14.4[13.3|12.1/10.8
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ACM RE-2005

Appendix RE - Field Verification and Diagnostic Testing
of Forced Air System Fan Flow and Air Handler Fan Watt
Draw

Page RE-1

RE1. Purpose and Scope

ACM RE-2005 contains procedures for verifying adequate airflow in split system and packaged air conditioning
systems serving low-rise residential buildings. The procedure is also used to verify reduced fan watts achieved
through improved air distribution design, including more efficient motors and air distribution systems with fewer
obstructions. The refrigerant charge test described in ACM RE requires as a prerequisite that adequate airflow
be verified. In addition, the reference method algorithms offer a credit for low fan power which can be obtained
through diagnostic measurements. Table RE-1 summarizes the diagnostic measurement procedures in ACM
RE-2005 and shows their relationship to the equipment efficiency algorithms in ACM Chapter 4.

Table RE-1 — Summary of Diagnostic Measurements
Variables and

Proposed Design

Input to the Equation
Algorithms Reference Description Standard Design Value Default Value Procedure
Fan Power FanW/Btu The ratio of fan power in 0.051 W/Btu. 0.051 W/Btu. Section
Ratio B Watts to the cooling RE4.4.3
Eq. R4-45 capacity in Btu/h.
Fan Flow over Fair The term F, depends on Fair=1.000 when Fair=0.925 Section
Evaporator - the measured airflow over refrigerant charge testing RE4.4.1
Eq. R4.42 the evaporator coil. A or TXV is required by
and R4.43 value of 0.925 is used asa  Package D.
default, but a value of
1.000 can be used if
Refrigerant n.a. An airflow of at least 350 n.a. n.a. Section
Charge cfm/ton must be mained RE4.4.1

over a wet coil or 400
cfm/ton over a dry coil
before a valid refrigerant
charge test may be
performed

Prerequisite

RE2. Instrumentation Specifications

The instrumentation for the diagnostic measurements shall conform to the following specifications:

RE2.1 Pressure Measurements

All pressure measurements shall be measured with measurement systems (i.e., sensor plus data acquisition
system) having an accuracy of + 0.2 Pa. All pressure measurements within the duct system shall be made with
static pressure probes.

RE2.2 Fan Flow Measurements

All measurements of distribution fan flows shall be made with measurement systems (i.e., sensor plus data
acquisition system) having an accuracy of + 7% reading or + 5 cfm whichever is greater.
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RE2.3 Watt Measurements

All measurements of air handler watt draws shall be made with true power measurement systems (i.e., sensor
plus data acquisition system) having an accuracy of + 2% reading or + 10 watts whichever is greater.

RE3. Apparatus

RE3.1 System Fan Flows

HVAC system fan flow shall be measured using one of the following methods.

RE3.1.1 Plenum Pressure Matching Measurement

The apparatus for measuring the system fan flow shall consist of a duct pressurization and flow measurement
device (subsequently referred to as a fan flowmeter) meeting the specifications in RE2.2, a static pressure
transducer meeting the specifications in Section RE2.1, and an air barrier between the return duct system and
the air handler inlet. The measuring device shall be attached at the air handler blower compartment door. All
registers shall be in their normal operating condition. The static pressure probe shall be fixed to the supply
plenum so that it is not moved during this test.

RE3.1.2 Flow Capture Hood Measurement

A flow capture hood meeting the specifications in Section RE2.2 may be used to verify the fan flow at the return
reqgister(s). All reqisters shall be in their normal operating position. Measurement(s) shall be taken at the return

grill(s).
RE3.1.3 Flow Grid Measurement

The apparatus for measuring the system fan flow shall consist of a flow measurement device (subsequently
referred to as a fan flow grid) meeting the specifications in RE2.2 and a static pressure transducer meeting the
specifications in Section RE2.1. The measuring device shall be attached at a point where all the fan airflow
shall flow through the flow grid. All registers shall be in their normal operating condition. The static pressure
probe shall be fixed to the supply plenum so that it is not moved during this test.

RE3.2 Air Handler Watts

The air handler watt draw shall be measured using one of the following methods.
RE3.2.1 Portable Watt Meter Measurement

The apparatus for measuring the air handler watt draw shall consist of a watt meter meeting the specifications
in RE3.1.3. The measuring device shall be attached to measure the air handler fan watt draw. All registers shall
be in their normal operating condition.

RE3.2.2 Utility Revenue Meter Measurement

The apparatus for measuring the air handler watt draw shall consist of the utility revenue meter meeting the
specifications in RE3.1.3 and a stopwatch measuring in seconds. All reqgisters shall be in their normal operating
condition.

RE4. Procedure

To determine and verify airflow credit a diagnostic fan flow measurement shall demonstrate air flow greater
than the criteria and installation of the duct system must be designed to meet the criteria in RE4.2.

To determine and verify airflow and fan watt draw credit, in addition to verifying air flow, the air handler fan watt
draw measurement shall show fan watts less than that claimed in ACM calculations and shown in CF-1R.
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RE4.1 Diagnostic Fan Flow

Table RE-2 — Airflow Criteria
Note: All airflows are for the fan set at the speed used for air conditioning.
Test and Condition Cooling air flow (Wet Coil) Test Flow if Dry Coil

Airflow needed for compliance credit 400 cfm/ton 450 cfm/ton

The system passes the fan flow test if the fan flow measured using one of the following methods is greater than
the criteria in Table RE2. The Wet Coil criteria shall be used if the air conditioner is operating and conditions
are such that the coil is wet. Otherwise the Dry coail criteria shall be used

RE4.1.1 Diagnostic Fan Flow Using Flow Capture Hood

The fan flow measurement shall be performed using the following procedures; all registers shall be fully open,
and the air filter shall be installed. Turn on the system fan at the maximum speed used in the installation
(usually the cooling speed when air conditioning is present) and measure the fan flow at the return grille(s) with
a calibrated flow capture hood to determine the total system return fan flow. The system fan flow (Qah, cfm)
shall be the sum of the measured return flows.

RE4.1.2 Diagnostic Fan Flow Using Plenum Pressure Matching

The fan flow measurement shall be performed using the following procedures:

1. If the fan flowmeter is to be connected to the air handler outside the conditioned space, then the door
or access panel between the conditioned space and the air handler location shall be opened.

2. With the system fan on at the maximum speed used in the installation (usually the cooling speed when
air conditioning is present), measure the pressure difference (in pascal) between the supply plenum
and the conditioned space (Psp). Psp is the target pressure to be maintained during the fan flow tests.
If there is no access to the supply plenum, then place the pressure probe in the nearest supply duct.
Adjust the probe to achieve the highest pressure and then firmly attach the probe (e.q., with duct tape)
to ensure that it does not move during the fan flow test.3. Block the return duct from the plenum
upstream of the air handler fan and the fan flowmeter. Filters are often located in an ideal location for

this blockage.

3. Attach the fan flowmeter device to the duct system at the air handler. For many air handlers, there will
be a removable section that allows access to the fan that is suitable for this purpose.

4. Turn on the system fan and the fan flow meter, adjust the fan flowmeter until the pressure between
supply plenum and conditioned space matches Psp.

5. Record the flow through the flowmeter (Qah, cfm) - this is the diagnostic fan flow. In some systems,
typical system fan and fan flowmeter combinations may not be able to produce enough flow to reach
Psp. In this case record the maximum flow (Qmax, cfm) and pressure (Pmax) between the supply
plenum and the conditioned space. The following equation shall be used to correct measured system
flow and pressure (Qmax and Pmax) to operating condition at operating pressure (Psp).

Equation RE-1 Air Handler Flow Qah = Qmax x (Psp/Pmax) *.5

RE4.1.3 Diagnostic Fan Flow Using Flow Grid Measurement

The fan flow measurement shall be performed using the following procedures:

1.  With the system fan on at the maximum speed used in the installation (usually the cooling speed when
air conditioning is present measure the pressure difference (in pascal) between the supply plenum and
the conditioned space (Psp). If there is no access to the supply plenum, then place the pressure probe
in the nearest supply duct. Adjust the probe to achieve the highest pressure and then firmly attach the
probe (e.qg., with duct tape) to ensure that it does not move during the fan flow test.

2. The flow grid shall be attached at a point where all the fan air flows through the flow grid.

Re-measure the system operating pressure with the flow grid in place.
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4. Measure the air flow through the flow grid (Qgrid) and the test pressure (Ptest).

5. The following equation for air handler flow shall be used to correct flow through the flow grid and
pressure (Qgrid and Ptest) to operating condition at operating pressure (Psp).

Equation RE-2 Qah = Qmax x (Psp/Ptest) .5

RE4.2 Duct Design

The duct system installation shall be verified to be consistent with the design meeting the following
requirements. The duct system shall be designed to meet the airflow rate with the available external static
pressure from the air handler at that airflow. The duct design shall have calculations showing the duct system
will operate at equal to or greater than 0.0375 cfm/Btu rated capacity at ARI test condtions (450 cfm/12000 Btu)
in cooling speed (dry coil) or, if heating only, equal to or greater than 16.8 cfm per 1000 Btu/hr furnace output.
The design shall be based on the available external static pressure from the air handler, the pressure drop of
external devices, the equivalent length of the runs, as well as the size, type and configuration of the ducts. The
duct layout shall be included on the plans and the duct design shall be reported on the CF-6R and posted on-
site.

RE4.3 Diagnostic Air Handler Watt Draw

The system passes the Watt Draw test if the air handler watt draw is less than or equal to the value claimed in
compliance calculations and reported by the ACM on the CF-1R. The diagnostic air handler watt draw shall be
measured using one of the following methods:

RE4.3.1 Diagnostic Air Handler Watt Draw Using Portable Watt Meter

The air handler watt draw measurement shall be performed using the following procedures; all registers shall
be fully open, and the air filter shall be installed. Turn on the system fan at the maximum speed used in the
installation (usually the cooling speed when air conditioning is present) and measure the fan watt draw (Wfan).

RE4.3.2 Diagnostic Air Handler Watt Draw Using Utility Revenue Meter

The air handler watt draw measurement shall be performed using the following procedures; all registers shall
be fully open, and the air filter shall be installed. Turn on the system fan at the maximum speed used in the
installation (usually the cooling speed when air conditioning is present) and turn off every circuit breaker except
the one exclusively serving the air handler. Record the Kh factor on the revenue meter, count the number of full
revolutions of the meter wheel over a period exceeding 90 seconds. Record the number of revolutions (Nrev)
and time period (trev, seconds). Compute the air handler watt draw (Wfan) using the following formula:

Equation RE-3 Air Handler Fan Watt Draw  Wfan = (_ Kh _x Nrev x 3600) / trev

Return all circuit breakers to their original positions.
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ACM RF-2005

Appendix RF — HVAC Sizing

RF1. Purpose and Scope

ACM RF-2005 is a procedure for calculating the cooling load in low-rise residential buildings (Section
RF2) and for determining the maximum cooling capacity for credit in ACM calculations (Section RF3).
Section RF4 has a procedure for determining compliance for oversized equipment by showing that the
peak power is equal to or less than equipment that minimally meet the requirements of this section.

RF2. Procedure for Calculating Design Cooling Capacity

The following rules apply when calculating the design cooling:

RF2.1 Methodology

The methodologies, computer programs, inputs, and assumptions approved by the commission shall be
used.

RF2.2 Cooling Loads

Except as specified in this section, calculations will be done in accordance with the method described in
Chapter 28, Residential Cooling and Heating Load Calculations, 2001 ASHRAE Fundamentals
Handbook. Interpolation shall be used with tables in Chapter 28. The methods in Chapter 29 may not be
used under this procedure.

RF2.3 Indoor Design Conditions

The indoor cooling design temperature shall be 75°F. An indoor design temperature swing of 3°F shall be
used.

RF2.4 Outdoor Design Conditions

Outdoor design conditions shall be selected from the 1.0 Percent Cooling Dry Bulb and Mean Coincident
Wet Bulb values in Joint Appendix || REF

RF2.5 Block Loads

The design cooling capacity used for calculating the maximum allowable cooling capacity is based on the
block (peak) load either for

1. The whole building; or

2. For each zone within a building that is served by its own cooling system; or

3. For each dwelling unit within a building that is served by its own cooling system.

Room-by-room loads are not allowed for calculating the design cooling capacity.

RF2.6 Table Selection

Tables 2 (cooling load temperature differences) and 4 (glass load factors) shall be used for:

1. Buildings with more than one dwelling unit using whole building block loads; or
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2. Buildings or zones with either east or west exposed walls but not both east and west exposed walls.

Otherwise, Tables 1 (cooling load temperature differences) and 3 (glass load factors) shall be used.
Note: The table numbers refer to the ASHRAE Fundamentals 2001.

RF2.7 U-factors

U-factors for all opaque surfaces and fenestration products shall be consistent with the methods
described in Section 4.2 and Section 4.3 of the Residential ACM Manual. The effects of radiant barriers
or cool roofs shall be included if these features are in the proposed building.

RF2.8 Solar Heat Gain Coefficients

Solar heat gain coefficients (SHGC) shall be equal to the SHGC,seq vValues described in Section 4.3.4 of
the Residential ACM Manual.

RF2.9 Glass Load Factors

Glass load factors (GLFs) shall be calculated using the equation in the footnotes of Tables 3 and 4 in
Chapter 28 using the columns for “Regular Double Glass” and the rows for “Draperies, venetian blinds,
etc”. The table values used in the equation shall be U; = 0.55 and SC; = 0.45. The shading coefficient for
the alternate value shall be SC, = SHGC x 0.87 where the SHGC value is described above. The GLF
values shall also be adjusted for latitude as described in the footnotes.

Note: The table numbers refer to the ASHRAE Fundamentals 2001.

RF2.10 Infiltration

The air flow (CEM) due to infiltration and mechanical ventilation shall be calculated with the effective
leakage area method as documented in Section 4.5.1 of the Residential ACM Manual using the outdoor
design temperature minus the indoor design temperature as the temperature difference and a 7.5 mph

wind speed.

RF2.11 Internal Gain

Occupancy shall be assumed to be two persons for the first bedroom and one person for each additional
bedroom per dwelling unit. Each person shall be assigned a sensible heat gain of 230 Btu/hr. Appliance
loads shall be 1200 Btu/hr for multifamily buildings with common floors and ceilings. Otherwise the
appliance load is 1600 Btu/hr.

RF2.12 Cooling Duct Efficiency

The cooling duct efficiency shall be calculated using the seasonal approach as documented in ACM RB-
2005.

RF2.13 Latent Factor.
The latent factor shall be 1.0.

RF2.14 Total Cooling Load

The total cooling load is calculated in accordance with Table 9 of Chapter 28 with the values specified in
this section.

RF2.15 Design Cooling Load

The design cooling load is equal to the total cooling load divided by the cooling duct efficiency.
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RF2.16 Design Cooling Capacity

The design cooling capacity calculation adjusts the sensible design cooling load to estimate the rated
cooling capacity needed as follows:

Equation RF-1

) . iy (R g Design Cooling Load (Btu/hr)
& = O eE (0 002286 X OTtiTor Cootg DesSigIT Temperatre ¢ oo

Design Cooling Capacity (Btu/hr) =Design Cooling Load (Btu/hr) x (0.8192 + 0.0038 x Outdoor Cooling Design Temperature (°F

)

=

RF3. Procedure for Calculating Maximum Cooling Capacity for ACM Credit

The following rules apply when calculating the maximum cooling capacity for ACM credit:

RF3.1 Design Cooling Capacity

The design cooling capacity shall be calculated in accordance with the procedure described in RF2.

RF3.2 Maximum Cooling Capacity for ACM Credit

For buildings with a single cooling system or for buildings where the design cooling capacity has been
calculated separately for each cooling system, the maximum cooling capacity for ACM credit for each
cooling system shall be:

Table RF-1 — Maximum Cooling Capacity for ACM Credit

Design Cooling Capacity (Btu/hr) Maximum Cooling Capacity for ACM Credit (Btu/hr)
< 48000 Design Cooling Capacity + 6000

48000 - 60000 Design Cooling Capacity + 12000

>60000 Design Cooling Capacity + 30000

For buildings with more than one cooling system where the design cooling capacity has been calculated
for the entire building, the maximum cooling capacity for ACM credit for the entire building shall be:

Maximum Cooling Capacity for ACM Credit (Btu/hr) =

Equation RF-2 . ) . :
Design Cooling Capacity (Btu/hr) + (6000 (Btu/hr) x Number of Cooling Systems)

RF3.3 Multiple Orientations

For buildings demonstrating compliance using the multiple orientation alternative of Section 151(c), the
maximum cooling capacity for ACM credit is the highest, considering north, northeast, east, southeast,
south, southwest, west and northwest efthe-foureardinalorientations. For buildings with more than one
cooling system, the orientation used for determining the maximum cooling capacity for ACM credit shall
be permitted to be different for each zone.

RF4. Procedure for Determining Electrical Input Exception for Maximum Cooling
Capacity for ACM Credit

The installed cooling capacity shall be permitted to exceed the maximum cooling capacity for ACM credit
if the electrical input of the oversized cooling system is less than or equal to the electrical input of a
standard cooling system using the following rules:

Appendix RF — HVAC Sizing




2005 Residential ACM Manual, Express Terms, 15-Day Language Page RF- 4

RF4.1 Design Cooling Capacity

The design cooling capacity shall be calculated in accordance with the procedure described in RF2.

RF4.2 Standard Total Electrical Input

The standard electrical input is calculated as follows:

Standard Total Electrical Input (W) =

Equation RF-3 . . .
0.1170.1048 (W/Btu/hr) x Design Cooling Capacity (Btu/hr)

RF4.3 Proposed Electrical Input

The proposed electrical input (W) for the installed cooling system is calculated as follows:

Proposed Compressor Electrical Input (W) =

Equation RF-4 . . ; .
Electrical Input (W) - (.0122 * Design Cooling Capacity (Btu/hr))

Where “Electrical Input” is as published in the Directories of Certified Appliances maintained by the
California Energy Commission in accordance with the requirements of the Appliance Standards.

The proposed electrical input (W) for the installed cooling system is published as the “Electrical Input” in
the Directories of Certified Appliances maintained by the California Energy Commission in accordance
with the requirements of the Appliance Standards.

RF4.4 Proposed Fan Power

The proposed fan power (W) of the installed cooling system is equal to either:
1. 0.017 (W/Btu/hr) x Design Cooling Capacity (Btu/hr); or

2. The measured fan power (W) where the measured fan power is determined using the procedure
described in ACM RE-2005 of the Residential ACM Manual.

RF4.5 Proposed Total Electrical Input

The proposed electrical input is equal to:

Proposed Total Electrical Input (W) =

Equation RF-5 ]
Proposed Electrical Input (W) + Proposed Fan Power (W)

For buildings with more than one cooling system, the proposed total electrical power shall be the sum of
the values for each system. If the proposed total electrical input is less than or equal to the standard total
electrical input, then the installed cooling capacity may exceed the allowable cooling capacity for ACM
credit.
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Duct Leakage Diagnostic Test Qg=ar—=
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Duetsystems-in-homes-built-after 1999 Not-tested 089
Duct systems-in-homes-of all-ages; {Q,5) Fotal-leakage-is 0.96
. . [ ling._tested less-than-0-06-Qeoy
oftoshorooonel ENIAC sunto cn oo lotiog
tested-after-house-and - HVAG system
completion
- ith refri | | lingoi (Qqs) Totatleal . 0.96
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ACM RG-2005

Appendix RG — Water Heating Calculation Method

RG1. Purpose and Scope
RG2. Water Heating Systems
RG3 Hourly Adjusted Recovery Load
RG3.1 Hourly Hot Water Consumption (GPH)
RG3.2 Distribution System Multiplier (DSM) within the Dwelling Unit
RG3.3 Cold Water Inlet Temperature
RG3.4 Solar Savings Multiplier
RG3.5 Hourly Recirculation Distribution Loss for Central Water Heating Systems
RG3 Energy Use of Individual Water Heaters
RG4.1 Small Gas, Oil, or Electric Storage and Heat Pump Water Heaters
RG4.2 Small Gas or Qil Instantaneous
RG4.3 Small Electric Instantaneous
RG4.4 Large Gas or Qil Storage. Large Instantaneous, Indirect Gas and Hot Water Supply Boilers.
RG4.5 Large Electric Storage
RG4.5 Wood Stove Adjustment Factors
RG4.6 Jacket Loss
RG4.7 Tank Surface Area
RG4.8 Independent Hot Water Storage Tanks
RG5 Electricity Use for Circulation Pumping

RG1. Purpose and Scope

ACM RG documents the methods and assumptions used for calculating the hourly energy use for residential
water heating systems for both the proposed design and the standard design. The hourly fuel and electricity
enerqgy use for water heating will be combined with hourly space heating and cooling energy use to come up
with the hourly total fuel and electricity energy use to be factored by the hourly TDV energy multiplier. The
calculation procedure applies to low-rise single family, low-rise multi-family, and high-rise residential.

When buildings have multiple water heaters, the hourly total water heating energy use is the hourly water
heating energy use summed over all water heating systems, all water heaters, and all dwelling units being
modeled.

The following diagrams illustrate some of the cases that are recognized by ACM.

&

1 One distribution system with two water
heaters serving a single dwelling unit.

N

Two distribution systems, each with a single
water heater serving a single dwelling unit.
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3 One distribution system with one water heater
serving multiple dwelling units.
4 Single distribution system with multiple water ‘ | ‘ ‘ ‘

heaters serving multiple units.

The following rules apply to the calculation of water heating system energy use:

e One water heater type per system, e.g. no mix of gas and electric water heaters in the same system

e One solar or woodstove credit (but not both) per system

RG2. Water Heating Systems

Water heating distribution systems may serve more than one dwelling unit and may have more than one piece
of water heating equipment. The energy used by a water heating system is calculated as the sum of the energy
used by each individual water heater in the system. Energy used for the whole building is calculated as the
sum of the energy used by each of the water heating systems. To delineate different water heating elements
several indices are used.

i Used to describe an individual dwelling unit. For instance CFAi would be the conditioned floor area of the
i" dwelling unit. "N" is the total number of dwelling units.

i Used to refer to the number of water heaters in a system. "M" is the total number of water heaters.

k _ Used to refer to a water heating system or distribution system. A building can have more than one system
and each system can have more than one water heater.

RG3 Hourly Adjusted Recovery Load
The hourly adjusted recovery load (HARL) can be calculated by Equation RG-1 through Equation RG-7.

Equation RG-1 HARLy =HSEU x DLMj x SSMy, +HRDL

This equation calculates the hourly recovery load on the water heater. The hourly adjusted recovery load
(HARL) is the heat content of the water delivered at the fixture (HSEU) times the distribution loss multiplier
(DLM) times the solar saving multiplier (SSM) plus the hourly recirculation losses between dwelling units
(HRDL), which only occurs for multi-family central water heating systems and is zero for single family dwellings.
The DLM will generally be greater than one, which means that heat is wasted as water flows from the water
heater to the fixture. The DLM, is constant for all hours with water heating end use.

Equation RG-2 HSEUy = 8.345 x GPH x AT

This equation calculates the hourly standard end use (HSEU) for each hour at all fixtures. The heat content of
the water delivered at the fixture is the draw volume in gallons (GPH) times the temperature rise AT (difference
between the cold water inlet temperature and the hot water supply temperature) times the heat required to
elevate a gallon of water 1°F (the 8.345 constant). GPH are calculated in @ manner consistent with the
Standard Recovery Load values in the current water heating methodology (see RG3.2.1 Pipe Insulation
Eligibility Requirements).
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Equation RG-3 AT =Tg ~Tinlet

Temperature difference (°F) between cold water inlet temperature T, and the hot water supply temperature
Ts.

Equation RG-4 DLMy = 1+(SDLMj —1)xDSM,

This is the equation for the distribution loss multiplier. It combines two terms: the standard distribution loss
multiplier (SDLM), which depends on the size of the dwelling unit and the number of stories, and the
distribution system multiplier (DSM) listed in Table RG-2. For point-of-use (POU) distribution systems located in
close proximity to all hot water fixtures (see RG3.2.1 Pipe Insulation Eligibility Requirements), DLM is equal to
one, e.g. there are no distribution losses.

Equation RG-5 =M OO O OO T O oA | SDLMk = 1.064 + 0.000084 x CFAk

This equation gives the standard distribution loss multiplier (SDLM) for one story dwelling units, based on CFA,
(equal to the total CFA divided by the number of water heaters per dwelling unit). Multi-family SDLM’s will be
calculated based on the one story equation and the average CFA for all units. CFA, is capped at 2500 ft” for all
single and multi-family units.

Equation RG-6

« SDLM,. =1.023 + 0.000056 x CFA,

This equation gives the standard distribution loss multiplier (SDLM) for two and three story dwelling units,
based on CFA, (equal to the total CFA divided by the number of water heaters per dwelling unit). CFA is
capped at 2500 ft* for all single and multi-family units.

Equation RG-7 SSMy =1-SSF xA

This equation gives the solar savings multiplier (unitless) for the k™ water heating system. Equation RG-11 and
Equation RG-12 provide more detail.

where

HARL, = Hourly adjusted recovery load (Btu).

HSEU, = Hourly standard end use (Btu). This is the amount of heat delivered at the hot water fixtures
relative to the cold water inlet temperature.

HRDL, = Hourly recirculation distribution loss (Btu) is the hot water energy loss in multi-family central
water heating recirculation systems (See RG3.5 Hourly Recirculation Distribution Loss for
Central Water Heating Systems).HRDL is zero for all single family water heating systems and
for multi-family systems with individual water heaters.

DLM, = Distribution loss multiplier (unitless).
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GPH, = Hourly hot water consumption (gallons) of the k™ system provided in RG3.1 Hourly Hot Water
Consumption (GPH).

T, = Hot water supply temperature of 135°F.

Tintet = The cold water inlet temperature (°F) provided in RG3.3 Cold Water Inlet Temperature.

SDLM, = Standard distribution loss multiplier (unitless). This is calculated using Equation RG-5 for single

story dwelling units and from Equation RG-6 for dwelling units with two or more stories. All
multi-family projects utilize Equation RG-5 and the average dwelling unit CFA.

DSM, = Distribution system multiplier (unitless) provided in RG3.2 Distribution System Multiplier (DSM)
within the Dwelling Unit.

CFEA, Conditioned floor area (ft*) capped at 2500 ft” for all single and multi-family units.

When a water heating system has more than one water heater, the total system load is assumed to be shared
equally by each water heater. The HARL for the j" water heater is then shown in the following equation.

Equation RG-8 HARL; = _HARLy
NmbrWH
where
NmbrWH, = The number of water heaters in the k" system.

RG3.1 Hourly Hot Water Consumption (GPH)

The average daily hot water consumption GPD for a dwelling unit is equal to 21.5 gallons/day plus an
additional 14 gallons per day for each 1000 ft? of conditioned floor area. Consumption is about 31.3 gallons/day
for a 700 ft2 apartment and 56.5 gallons/day for a 2500 ft2 dwelling unit. The equation for daily hot water
consumption can be expressed as follows:

Equation RG-9 GPD, = 21.5+0.014 x CFA,

where

GPD, = Average daily hot water consumption (gallons) of the i dwelling unit.

CFEA = Conditioned floor area (ft?) of the i'" dwelling unit. When actual conditioned floor area is greater

than 2500 ft?, 2500 should be used in the above equation.

The hourly water consumption GPH of the k™ system is calculated using the average daily hot water
consumption and the hourly water consumption schedule for all dwelling units served by the system.

Equation RG-10 GPH, = [Z GPDi] « SCH,,
i
where
GPH, = Hourly hot water consumption (gallons) of the k™ system.
SCHp = Fractional daily load for hour “m” from Table RG-1.
m = Hour of the day.

There are significant variations between hot water usage on weekdays and weekends, and separate schedules
are used. The hourly schedules shown in Table RG-1 shall be used for calculating the hourly hot water
consumption. These data are used for dwelling units of all types.

Appendix RG — Water Heating Calculation Method




2005 Residential ACM Manual, Express Terms, 15-Day Language Page RG- 5

Table RG-1 Hourly Water Heating Schedules

Hour Weekday Weekend
1 0.014 0.018
2 0.008 0.010
3 0.009 0.009
4 0.011 0.008
5 0.020 0.015
6 0.044 0.023
z 0.089 0.026
8 0.107 0.047
9 0.089 0.077
10 0.066 0.083
" 0.052 0.074
12 0.038 0.061
13 0.036 0.051
14 0.033 0.043
15 0.032 0.039
16 0.026 0.039
17 0.042 0.052
18 0.048 0.058
19 0.052 0.056
20 0.047 0.052
21 0.042 0.047
22 0.039 0.044
23 0.036 0.040
24 0.022 0.028

Sum 1.000 1.000

RG3.2 Distribution System Multiplier (DSM) within the Dwelling Unit

The distribution system multiplier (unitless) is an adjustment for alternative water heating distribution systems
within the dwelling unit. A value of one is used for standard distribution systems defined as a “main and

branch” piping system with the portion of all lines leading from the water heater to the kitchen fixtures that are

equal to or greater than % inch diameter insulated to a nominal R-4. Values for alternative distribution systems
are given in Table RG-2.
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Table RG-2 Distribution System Multipliers within a Dwelling Unit with One or More Water Heaters

Distribution System Measure Code DSM
Pipe Insulation (all lines) PIA 0.90692
Point of Use POU 0.00
Pipe Insulation (kitchen lines = 3/4 inches) — Standard STD Pk 1.00
Case

Parallel Piping PP 1.04 489
Recirculation (no control) RNC 4.52 484
Recirculation + timer control RTm 3.03 322
Recirculation + temperature control RTm 3.73 397
Recirculation + timer/temperature RTmTmp 2.49 265
Recirculation + demand control RDmd 1.31439

RG3.2.1 Pipe Insulation Eliqgibility Requirements

che ures—{tkitchen-sink-and-dishwasher)is a mandatory measure as specified in Section 150 (j) of Title
24, Part 6._Note that exceptions 3, 4 and 5 to Section 150 (j) apply to all pipe insulation that is required to meet
the mandatory measure requirement or that is eligible for compliance credit.

Pipe insulation credit available if all remaining hot water lines are insulated. Insulation shall meet mandatory
minimums in Section 150 (j).

Overhead Plumbing for Non-Recirculation Systems. All plumbing located in attics with a continuous minimum
of 4 in. of blown insulation coverage on top of the piping will be allowed to claim the “all lines” pipe insulation
credit, provided that:

1. Piping from the water heater to the attic, and

2. Piping in floor cavities or other building cavities are insulated to the minimum required for pipe insulation
credit.

RG3.2.2 Point of Use Water (POU) Water Heaters Eliqibility Requirements

Current requirements apply. All hot water fixtures in the dwelling unit, with the exception of the clothes washer,
must be located within 8’ (plan view) of a point of use water heater. To meet this requirement, some houses
will require multiple POU units.

RG3.2.3 Recirculation Systems Eliqgibility Requirements

All recirculation systems must have minimum nominal R-4 pipe insulation on all supply and return recirculation
piping. Recirculation systems may not take an additional credit for pipe insulation.

The recirculation loop must be laid out to be within 8 feet (plan view) of all hot water fixtures in the house (with
the exception of the clothes washer).

Approved recirculation controls include “no control”, timer control, time/temperature control, and demand
control. Time/temperature control must have an operational timer initially set to operate the pump no more than
16 hours per day. Temperature control must have a temperature sensor with a minimum 20°F deadband
installed on the return line.

Demand recirculation systems shall have a pump (maximum 1/8 hp), control system, and a timer or
temperature sensor to turn off the pump in a period of less than 2 minutes from pump activation. Acceptable
control systems include push buttons, occupancy sensors, or a flow switch at the water heater for pump
initiation. At a minimum, push buttons and occupancy sensors must be located in the kitchen and in the master
bathroom.
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RG3.2.4 Parallel Piping Eligibility Requirements

Each hot water fixture is individually served by a line, no larger than 'z in., originating from a central manifold
located no more than 8 feet from the water heater. Fixtures, such as adjacent bathroom sinks, may be “doubled

up” if fixture unit calculation in Table 6-5 of the California 2888-Unifers- Plumbing Code allow.
Acceptable piping materials include copper and cross-linked polyethylene (PEX), depending upon local
jurisdictions.

3/8 in. lines are acceptable, pending local code approval, provided minimum required pressures listed in the
California Plumbing Code 2899-URC (Section 608.1) can be maintained.

Parallel piping to the kitchen fixtures (dishwasher and sink(s)) that is equal to or greater than % inch in
diameter must be insulated to comply with Section 151 (f) 8 D the-mandatery-measureforkilchenlinepin

RG3.3 Cold Water Inlet Temperature

The water inlet temperature varies monthly by climate zone and is equal to the assumed ground temperature
as shown in Table RG-3.

Table RG-3 Monthly Ground Temperature (°F)
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RG3.4 Solar Savings Multiplier

Solar water heating systems are rated using information from the Solar Rating and Certification Corporation
(SRCC). Two types of ratings are possible, those using SRCC OG-300 and those using SRRC OG-100.

RG3.4.1 Determining Solar Savings Multiplier for SRCC OG-300 Rated Systems

For solar water heating systems rated using SRCC OG-300, the solar savings multiplier SSM, is calculated as
follows:
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Equation RG-11

EF xQ GPD T, - T,
tosthk — Zdetest Iy kx| 2ot | 13500 x SYSyper x (1~ EFjest )
SEFrated k 64.3 77 ’ ‘ 1500
_ SSM, = : x A
Qdeltest hr=24
Zlhor,hr
hr=1

where

EFiestk = Energy Factor used in SRCC OG-300 rating method for auxiliary water heater type used for
rating. Two values are possible, 0.90 for a rating with an electric auxiliary water heater and
0.60 for a rating with a gas auxiliary water heater.

Qqeltest = The standard OG-300 energy in the hot water delivered, 41,045 Btu/day.

SEF ateqk = The SEF rating as described in SRCC 0G-300 and the Summary OG-300 directory for the k"
system.

3500 = Average parasitic loss for a Forced Circulation system (Btu/day).

SYSipek= The OG-300 system type. There are four system types rated in OG-300. Force Circulation,
Integral Collector Storage, Thermosyphon, and Self-Pumping. For Forced Circulation type
systems this value is set to one. For all others, it is set to zero.

GPH, = Hourly hot water consumption (gallons) of the k™ system.

64.3 = The standard OG-300 water draw of 64.3 gallons per day.

I, = Hot water supply temperature of 135°F.

Tinet_= The cold water inlet temperature (°F) provided in Table RG-3.

77 = Difference between Ts and T, used in OG-300 test (°F).

1500 = OG-300 test daily solar insolation (Btu/hr-ft).

lhorhr = Hourly Horizontal solar insolation from weather data for each climate zone (Btu/hr-ft?).

Hr = Hour of the day from 1 through 24.

A= An adjustment factor to account for piping losses. For Forced Circulation systems A equals 0.9
to account for collector to tank circulation piping heat loss effects. For other systems, A equals
1.0.

Eligibility Criteria

In order to use this method, the system must satisfy the applicable eligibility criteria, including:

e The collectors must face within 35 degrees of south and be tilted at a slope of at least 3:12.

e The system must be installed in the exact configuration for which it was rated, e.g. the system must have
the same collectors, pumps, controls, storage tank and auxiliary system fuel type as the rated condition.

e The system must be installed according to manufacturer’s instructions.

e The collectors shall be located in a position that is not shaded by adjacent buildings or trees between 9:00
AM and 3:00 PM (solar time) on December 21.

RG3.4.1 Determining Solar Savings Multiplier for SRCC OG-100 Rated Equipment

Calculating solar hot water system energy contributions requires that the system be modeled using F-chart.
Version 4.0 and all later versions can be used to calculate the percent of water heating energy delivered by the
solar system. The data listed in Table RG-4 should be followed as inputs and guidelines for correctly modeling
solar hot water systems. If the collector type is not flat plate then the user should refer to the F-chart user
manual.
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Table RG-4 Prototype Solar System
F-Chart Parameter

Value

Collector - Number of

Enter the number of collectors in the system

Collector Area

Enter square feet of the collector listed in the SRCC directory

Collector (test slope) or FR*UL from SRCC data

Enter the value listed in the SRCC directory (I.E. -.272)

Collector (test intercept) or FR*TAU*ALPHA from

Enter the value listed in the SRCC directory (L.E. .5007)

SRCC data

Collector Slope

Use degrees (l.E. 23)

Collector Orientation

Enter a value between 0 and 180, with south being 0. F-chart does not
distinguish between East and West.

Collector Incident angle modifier calculation

Should always be set to glazing

Collector Flow Rate/Area

Unless calculated a default of 11 Ib/hr-ft2 should be used. This value is
calculated by dividing the flow rate of the system by the collector area

Collector Fluid Specific Heat

Should be set to 1.00 for water, 0.8 for glycol and 0.23 for air. Units in Btu/lb-F

Collector Modify Test Values

Should always be set to “no”

System location

Select the city that represents the climate zone the permitted building is located

in[J29].

System water volume/collector ratio

Calculated by dividing the volume of the storage tanks and collectors by the
collector area. Does not include piping volume

System auxiliary fuel type

The default [J30]is gas — this input does not change results

System Efficiency of (auxiliary) fuel usage

The default is 1 — this input does not change results

System Daily hot water usage

Value must be calculated using Equation RG-9

System water set temperature

Value must be set to 135

System environmental temperature

Value must be the January value from table RG-3

System UA of auxiliary storage tank

Calculated using the value determined with Equation RG-33 times 1/R value of
the insulation.

System pipe heat loss

Value may be assumed to be 0

System collector-store heat exchanger

Enter Yes or No

Tank-side flow-rate/area

Entered in Ibs/hr-ft2 is the mass flow rate of water from the storage tank through
the collector-storage heat exchanger divided by the total collector area. This
value should be set to a value larger than the collector flow rate/area in the
collector parameters for an internal heat exchanger)

Heat exchanger effectiveness

Is the ratio of the actual to maximum possible heat transfer rates for the heat
exchanger located between the collector and storage unit.

F-chart will generate a Solar Fraction (SF). This value is an annual fraction of the total hot water demand met

by the solar system. To adjust the SF to daily loads use Equation RG-12.

Equation RG-12

SSM, =((1-SF,)xA)

SE= Solar Factor (SF) derived from F-chart.

= An adjustment factor to account for piping losses. For Forced Circulation systems A

equals 0.9 to account for collector to tank circulation piping heat loss effects. For

other systems. A equals 1.0.
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RG3.5 Hourly Recirculation Distribution Loss for Central Water Heating Systems

The distribution losses accounted for in the distribution system multiplier DSM are within each individual
dwelling unit. Additional distribution losses occur in most multi-family dwelling units related to recirculation
systems between dwelling units. These losses include losses from piping that is or could be part of a
recirculation loop and branch piping to individual residential units. These losses are divided into losses to the
outside air, the ground and the conditioned or semi-conditioned air within the building envelope.

QOutside air includes crawl spaces, unconditioned garages, unconditioned equipment rooms, as well as actual
outside air. Solar radiation gains are not included in the calculation because the impact of radiation gains is
relatively minimal compared to other effects. Additionally, the differences in solar gains for the various
conditions (e.g., extra insulation vs. minimum insulation) are relatively even less significant.

The ground condition includes any portion of the distribution piping that is underground, including that in or
under a slab. Insulation in contact with the ground must meet all the requirements of Section 150 (j), Part 6, of
Title 24.

The losses to conditioned or semi-conditioned air include losses from any distribution system piping that is in
an attic space, within walls (interior, exterior or between conditioned and unconditioned spaces), within chases
on the interior of the building, or within horizontal spaces between or above conditioned spaces. It does not
include the pipes within the residence. The distribution piping stops at the point where it first meets the
boundaries of the apartment.

These losses are added to the load accounted for in the hourly adjusted recovery load HARL, according to
Equation RG-1 and calculated in the following equation.

Equation RG-13 HRDL, =NLga xUAga x (Ts = Top ) +NLyg xUA g x (Ts — Tg ) +NLp x UAp
where
HRDL, = Hourly recirculation distribution loss (Million Btu).
T, = Hot water supply temperature of 135°F.
Ton= Hourly dry-bulb temperature of outside air (°F).
Tg= Hourly ground temperature (°F) assumed constant for each month.
NLoa = Normalized load coefficient for outside air term.
NLyg = Normalized load coefficient for underground term.
NLp = Normalized load coefficient for conditioned or semi-conditioned term.
UAoa = Heat loss rate of circulation pipe exposed to outside air (Btu/hr-°F).
UAyc = Heat loss rate of circulation pipe buried under ground (Btu/hr-°F).
UAp = Heat loss rate of circulation pipe in conditioned or semi-conditioned space (Btu/hr-°F).

The terms UAoa, UAyG, and UAp represent the conductive area and heat loss rate for the three pipe locations.
In each case the UA is a function of the pipe length, pipe diameter and pipe insulation. The program user will
need to specify pipe length in each of the three locations, and specify the insulation as being either minimum
(as specified in Section 150 (j), Part 6, of Title 24), or extra. Length and corresponding insulation R-value
takeoffs are required for piping in each of the three locations (outdoors, underground, and conditioned or semi-
conditioned space). Pipe heat loss rates (UAoa, UAys, and UA,) are then calculated for use in Equation RG-
13.

The normalized load coefficients, NLoa, NLyg, and NLp_are climate zone specific multipliers for the pipe losses
to the outside air, ground and conditioned or semi-conditioned space, respectively. They are calculated
according to the following equations:

Appendix RG — Water Heating Calculation Method




2005 Residential ACM Manual, Express Terms, 15-Day Language Page RG- 11

Cont x exp Con2 xUAoa
GPDg
Equation RG-14 NLoa =
WHDHQoa
Cuc2 xUAug
] expl ——=———
UGt p[ GPDy
Equation RG-15 NLyg =
WHDH g
Cpq x exp Cpa xUAp
GPDy
Equation RG-16 NLp =
8760
where
GPD = The hot water consumption per day for the k™ system. It is the sum of hot water consumption
per day for all dwelling units served by the k™ system.
WHDHpa = Water heating degree hours based on outside air temperature (hr-°F).
WHDHg = Water heating degree hours based on ground temperature (hr-°F).
Coat Conz = Coefficients for outside air pipe loss term.
Cuc1. Cusz. = Coefficients for underground pipe loss term.
Cp1 Cpy = coefficients for conditioned or semi-conditioned space pipe loss term.

Coefficients of Coa, Cuc, and Cp vary by climate zones and control schemes of the circulation system. Table

RG-5 lists values of these coefficients.

Table RG-5 Coefficients of Cop_Cyc.and Cp

Climate No Controls Timer Controls
Zone COA1 COA2 CUG1 CUG2 CP1 CcP2 COA1 COA2 CUG1 CUG2 CP1 CP2
1 0.8933  -0.694 0.8922 -1.346 0.6259 -1.673 0.8658 -2.336 0.793 -2.062 0.6344  -4.475
2 0.854 -0.71 0.8524 -1.348 0.6433 -1.383 0.8269 -2.456 0.7572 -2.056 0.6529 -4.138
3 0.8524  -0.709 0.851 -1.355 0.6826 -1.464 0.8252 -2.37 0.7553 -2.049 0.6927 -4.438
4 0.8349 -0.688 0.8345 -1.343 0.6502 -0.706 0.8096 -2.433 0.7427 -2.071 0.667 -3.759
5 0.8494 -0.706 0.8476  -1.341 0.6873 -1.076 0.8218 -2.409 0.7536 -2.061 0.6922  -3.979
6 0.8095 -0.704 0.808 -1.341 0.7356 -1.697 0.7836 -2.367 0.718 -2.059  0.7341 -4.512
7 0.796 -0.673 0.7964  -1.349 0.735 -1.581 0.7734 -2.395 0.7082 -2.064 0.7416  -4.579
8 0.7941 -0.704 0.7925  -1.341 0.7321 -1.471 0.7683 -2.414 0.7049 -2.064 0.7333 -4.318
9 0.7853 -0.707 0.7843 -1.352 0.7208 -1.212 0.7599 -2.447 0.6971 -2.064 0.7248  -4.141
10 0.7854 -0.714 0.7843 -1.352 0.7193 -1.273  0.7595 -2.5 0.6971 -2.067 0.7188  -4.041
1" 0.8137 -0.69 0.8139 -1.35 0.6149 -1.22 0.788 -2.443  0.7228  -2.051 0.6315  -4.306
12 0.8283 -0.685 0.8286 -1.349  0.6001 -0.323 0.8029  -2.451 0.7367  -2.061 0.621 -3.493
13 0.7818 -0.705 0.7813 -1.352 0.6699  -1.541 0.7564 -2.465 0.6937 -2.052 0.6752 -4.305
14 0.8094 -0.706 0.809 -1.351 0.6424  -0.866 0.784 -2.49 0.7187 -2.059 0.6515 -3.588
15 0.6759 -0.692 0.6764 -1.348 0.7514 -1.383 0.6535  -2.552 0.601 -2.061 0.7493  -4.182
16 0.9297 -0.701 0.929 -1.352  0.5231 -1.519  0.9007  -2.401 0.825 -2.0563  0.5437 -4.423

Table RG-5 provides coefficients for recirculation systems where the pumps are always on and coefficients for
recirculation systems that are shut off during hours 1 through 5, and hours 23 and 24 (from 10p.m. to 5a.m.).
Except for systems serving only a very small number of dwelling units, there is no set of coefficients provided
for the case where the circulation system does not rely on a recirculation pump. Such a system would be
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unlikely to supply hot water within parameters acceptable to tenants. It can be assumed that any distribution
systems for supplying hot water from a central boiler or water heater require a recirculation pump and one
would be supplied retroactively if not initially. For central hot water systems serving six or fewer dwelling units
which have (1) less than 25’ of distribution piping outdoors; (2) zero distribution piping underground; (3) no
recirculation pump; and (4) insulation on distribution piping that meets the requirements of Section 150 (j) of
Title 24, Part 6, the distribution system in the Standard Design and Proposed design will both assume a pump
with timer controls.

WHDH,a is the sum of the differences between the temperature of the supply hot water (135°F) and the hourly
outdoor temperature for all 8760 hours of the year. This term varies by climate zone. The values for this term
are listed in Table RG-6 below. The equation uses the hourly outdoor temperatures from the weather files
incorporated in the CEC approved programs.

WHDHc_is the sum of the differences between the supply hot water temperature (135°F) and the hourly
ground temperature for all 8760 hours of the year. This term varies by climate zone. The appropriate values for
this term are listed in Table RG-6 below. The equation uses the ground temperatures from the weather files
incorporated in the CEC approved programs, which are assumed to be stable on a monthly basis.

Table RG-6 Water Heating Degree Hours for Qutside Air and Underground

Climate Zone WHDHoa (hr-°F) WHDHyg (hr-°F)
1 712810 710306
2 680634 678425
3 679350 677026
4 666823 664459
5 677373 674935
6 645603 643236
7 636342 633811
8 633244 630782
9 626251 623822
10 625938 623741
11 649661 647770
12 661719 659676
13 623482 621526
14 645367 643517
15 539736 537782
16 741372 739378

UA terms are calculated using inputs provided by the user and base assumptions about the pipe diameter:
The user inputs are:

1. Pipe length in each of the three locations.

2. Insulation R value of the pipe in each location.

3. Number of stories above grade.

4. Number of apartment units.

The total length of the circulation pipe is calculated, along with the fraction in each location (PFoa, PFyc and
PFp). The square feet of surface area is calculated according to the following equation:

Equation RG-17 SFiotal = LFiota xDiax
where
SFrotal = The total surface area of the circulation piping, square feet.
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LF1otal = The total lineal feet of all circulation piping, feet.Dia = Average calculated (Equation RG-18)
diameter of pipe in circulation piping, feet.

= Pythagorean constant (ratio of perimeter to diameter), 3.1416

The average diameter of hot water piping, Dia, is calculated by the following equation:

0.21 0.37
Equation RG-18 Dia =0.045 x (%) x (AptGPM)*37 x %

The terms of the above equation are described below. The total system pressure drop, AP, given in psfis
calculated in Equation RG-19.

Equation RG-19 AP = [Pmeter — 4.3 x (NumStories —1)—15]x 144
where
Pmeter = Water system supply pressure, (60 psig by assumption).

NumsStories = Number of stories above grade, (but enter “4” if more than 4 stories).

1.765 x (12 xNumApts 687

Equation RG-20 AptGPM =
NumApts

NumApts = Number of apartments in the building served by the hot water system, apts

The UA for each of the three locations is derived as a function of the fraction of the total pipe in that location
times a factor that represents the conductivity of the standard (minimum) insulation or the “extra” insulation
condition. The following two equations provide the alternate equations for the two insulation cases. The
factors do not vary by location so the equations for the other two locations are of exactly the same form,
varying only by the fraction of pipe in that location.

The benefits of additional insulation shall be calculated as required in Section 150 (j) of Title 24. The insulation
value of the ground and of protective coverings may not be used for achieving the minimum insulation values
required by Section 150 (j). To qualify as extra insulation, the insulation must be at least 1/2" thicker than the
insulation required by Section 150 (j).

Equation RG-21___ For extra insulation for the standard design: UA; = SFyq4 x PF; x k -
. Radius +Thick + 0.5
Radius xLn -
Radius
Equation RG-22___ For minimum insulation: UA; = SFy, % PF; x K - -
. Radius +Thick
Radius xLn| ——————
Radius
where
i = Subscript indicating pipe location OA = outside, UG = underground, P = conditioned or semi-
conditioned space
PF; = Pipe fraction in i" location, no units
Kk = Insulation conductivity, (assumed 0.25 Btu inch/h-sf-°F)
Radius = Average pipe radius in inches, (Radius = Dia x 12 / 2), inches
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Thick = Base case insulation thickness, Thick = 1 if average pipe radius is less than or equal to
2":Thick = 1.5 if radius is greater than 2", inches

RG3 Enerqgy Use of Individual Water Heaters

Once the hourly adjusted recovery load is determined for each water heater, the energy use for each water
heater is calculated as described below.

RG4.1 Small’ Gas, Oil, or Electric Storage and Heat Pump Water Heaters

The hourly energy use of storage gas, storage electric and heat pump water heaters is given by the following
equation.

HARL ; x HPAF |
Equation RG-23 WHEU sl WSAFJ-
LDEF |
where
WHEUL= Hourly energy use of the water heater (Btu for fuel or KWh for electric), adjusted for tank
insulation and wood stove boilers.
HARLJ;_ = Hourly adjusted recovery load (Btu).
HPAFj_= Heat pump adjustment factor from the table below based on climate zone. This value is one

for storage gas, storage oil and storage electric water heaters.

The energy consumption of one or more independent hot water storage tanks that are not rated as water
heaters is calculated by substituting xHARLj for HARLJ; where xHARLi is defined in Section

Table RG-7 Heat Pump Adjustment Factors

Climate Zone Heat Pump Adjustment Factor Climate Zone Heat Pump Adjustment Factor
1 1.040 9 0.920
2 0.990 10 0.920
3 0.990 1" 0.920
4 1.070 12 1.070
5 1.070 13 0.920
6 0.920 14 1.040
7 0.920 15 0.920
8 0.920 16 1.500

LDEFj_= The hourly load dependent energy factor (LDEF) is given by the following equation. This equation
adjusts the standard EF for different load conditions.

“Small water heater” means a water heater that is a gas storage water heater with an input of 75,000 Btu per hour or less, an oil
storage water heater with an input of 105,000 Btu per hour or less, an electric storage water heater with an input of 12 kW or less, a
gas instantaneous water heater with an input of 200,000 Btu per hour or less, an oil instantaneous water heater with an input of
210,000 Btu 1602 per hour or less, an electric instantaneous water heater with an input of 12 kW or less, or a heat pump water heater
rated at 24 amps or less.
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HARL; x 24
Equation RG-24 LDEF) = e x| In — L (axEF; +b)+ (cxEF; +d)

where

a,b,cd.e = Coefficients from the table below based on the water heater type.

Table RG-8 LDEF Coefficients

Coefficient Storage Gas Storage Electric Heat Pump

a -0.098311 -0.91263 0.44189
b 0.240182 0.94278 -0.28361
c 1.356491 4.31687 -0.71673
d -0.872446 -3.42732 1.13480
e 0.946 0.976 0.947

Note: EF for storage gas water heaters under 20 gallons must be assumed to be 0.58 unless the manufacturer has voluntarily reported an
actual EF to the California Energy Commission. As of April 2003, manufacturers of this equipment are no longer required to do so.

EFj = Energy factor of the water heater (unitless). This is based on the DOE test procedure.
WSAFj

Wood stove boiler adjustment factor for the | water heating system. This is given in Section
RG4.5 Wood Stove Adjustment Factors. This is an optional capability and is set to 1.00 for
ACMs without wood stove boiler modeling capability.

RG4.2 Small Gas or Oil Instantaneous?

The hourly energy use for instantaneous gas or oil water heaters is given by the following equations.

HARL :
Equation RG-25 WHEU = [ =t PILOTj] x WSAF
i
where
WHEUj = Hourly fuel energy use of the water heater (Btu), adjusted for wood stove boilers.
HARLj_= Hourly adjusted recovery load.
EF; = Energy factor from the DOE test procedure (unitless). This is taken from manufacturers
literature or from the CEC Appliance Database.
PILOTJ;_= Energy consumption of the pilot light (Btu/h). Default if no information provided in
manufacturer’s literature or CEC Appliance Database is 500 Btu/hr.
WSAF, = Wood stove boiler adjustment factor for the " water heating system. This is an optional

capability and is set to 1.00 for ACMs without wood stove boiler modeling capability.

RG4.3 Small Electric Instantaneous

The hourly energy use for instantaneous electric water heaters is given by the following equation.

HARL j x WSAF,

WHEU gie¢ =
belee = 3413 xEF,

Equation RG-26

2 “Instantaneous water heater” means a water heater that has an input rating of at least 4,000 Btu per hour per gallon of stored water. |
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where

WHEU. .c =__Hourly electricity energy use of the water heater (kWh), adjusted for wood stove boilers.
HARLJ;_= Hourly adjusted recovery load.

EF; = Energy factor from DOE test procedure (unitless).

WSAF1_= Wood stove boiler adjustment factor for the " water heating system. This is an optional

capability and is set to 1.00 for ACMs without wood stove boiler modeling capability.

RG4.4 Large® Gas or Oil Storage. Large Instantaneous, Indirect Gas and Hot Water Supply
Boilers”.

Energy use for large storage gas and indirect gas water heaters is given by the following equations. Note:
large storage gas water heaters are defined as any gas storage water heater with a minimum input rate of
75,000 Btu/h.

_ HARL; +HJL;
Equation RG-27 WHEU; =| ———-——"L+PILOT, | x WSAF;
EFF; xEAF,
where
WHEUL= Hourly fuel energy use of the water heater (Btu), adjusted for tank insulation and wood stove
boilers.
HARLJ;_= Hourly adjusted recovery load. For independent hot water storage tank(s) substitute xHARLj

from Section RG4.8 Independent Hot Water Storage Tanks for HARLi.

HJL, = Hourly jacket loss (Btu/h) for tank rated with the water heater. For nonstorage water heaters
and boilers set this term to zero. To account for independent hot water storage tanks
substitute xHARLi (from Section RG4.8 Independent Hot Water Storage Tanks) for HARLi

storage tanks
EFF. = Efficiency (fraction, not %). To be taken from CEC Appliance Database or from manufacturers

T literature. These products may be rated as a recovery efficiency, thermal efficiency or AFUE.

EAFJ;_= Efficiency adjustment factor (unitless). This value is 1.0 for large storage gas water heaters
and 0.98 for indirect gas water heaters.

PILOTj_= Pilot light energy (Btu/h) for large instantaneous. For large instantaneous water heaters, and
hot water supply boilers the default is 750 Btu/hr if no information is provided in manufacturer’s
literature or CEC Appliance Database. For storage type water heaters the default is zero.

WSAF, = Wood stove boiler adjustment factor for the " water heating system. This is an optional

capability and is set to 1.00 for ACMs without wood stove boiler modeling capability.

RG4.5 Large Electric Storage

Energy use for large storage electric water heaters is given by the following equation.

° “Large water heater” means a water heater that is not a small water heater.

N “Hot water supply boiler” means an appliance for supplying hot water for purposes other than space heating or pool heating.
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Equation RG-28 WHEU jglec = [m} x WSAF
0.85x3.413
where
WHEU, o = Hourly electricity energy use of the water heater (kWh), adjusted for wood stove boilers.
HARL; = Hourly adjusted recovery load.
HIL, = Hourly jacket loss (Btu/h) for the tank rated with the heater.
WSAF, = Wood stove boiler adjustment factor for the i water heating system. This is an optional

capability and is set to 1.00 for ACMs without wood stove boiler modeling capability.

RG4.5 Wood Stove Adjustment Factors

This is an optional capability and the Wood Stove Boiler Adjustment Factor is set to 1.00 for ACMs without
wood stove boiler modeling capability. The wood stove adjustment factor (unitless) reduces water heating
energy to account for the heat contribution of wood stove boilers. This multiplier is taken from the table below,
based on climate zone and whether the wood stove boiler has a recirculation pump. The inclusion of this factor
and its relevant input parameters is an optional capability for ACMs. However, when this optional capability is
implemented the algorithms and procedures given below must be used.

Table RG-9 Wood Stove Adjustment Factors

Climate Zone Wood Stoves with Pumps Wood Stoves without Pumps
1 0.775 0.750
2 0.775 0.750
3 0.775 0.750
4 0.865 0.850
5 0.865 0.850
6 0.910 0.900
7 0.910 0.900
8 0.955 0.950
9 0.910 0.900
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RG4.6 Jacket Loss

The hourly jacket loss for large storage gas and indirect gas water heaters is calculated as

TSA, xATS
Equation RG-29 HILy = ——————+FTL;
RTIJ- + REIJ-
where
TSA = Tank surface area (ft2).
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FTL. = Fitting losses. This is a constant 61.4 Btu/h.
REI = R-value of exterior insulating wrap.
RTI. = Calculated R-value of insulation internal to water heater.

For water heaters with standby loss rated in percent heat content of the stored water:

Equation RG-30 RTI TSAjXATS
duation == J 7 |(8.345x VOL x SBL x AT)-FTL; - PILOT, |x EFF; x EAF;

For water heaters with standby loss rated in Btu/hr:

TSA; x ATS
Equation RG-31 RTIj =
l:[SBEj X(ATSD—FTLJ- —PILOTj:leFFJ- x EAF;
60
SBEJ = Standby loss expressed in Btu/hr from the CEC Appliance Database or from manufacturer’'s
literature.
SBL_;l = Standby loss expressed as a fraction of the heat content of the stored water lost per hour from

the CEC Appliance Database or from manufacturer’s literature.

PILOTj_= Pilot light energy (Btu/h). If no information is provided in manufacturer’s literature or CEC
Appliance Database default to zero.

ATS = Temperature difference between ambient surrounding water heater and hot water supply
temperature (°F). Hot water supply temperature shall be 135°F. For water heaters located
inside conditioned space use 75°F for the ambient temperature. For water heaters located in
outside conditions use hourly dry bulb temperature ambient.

The hourly jacket loss for large storage electric heaters is calculated as:

TSA x AT

Equation RG-32 HJLi = Z—;
RTIj + REI;

(same definitions as above)
RTIj
RElj

Where the calculated insulation R-value RTI; is calculated by:

Calculated R-value of insulation internal to water heater.

R-value of exterior insulating wrap.

(TSAjx ATS)
[(8.345 x VOL| x SBLj x ATS) x EFFj|

Equation RG33 RTIj =

where

SBLj = Standby loss expressed in percent heat content loss of the stored water, from manufacturer’'s
data.

EFFj = Efficiency, from manufacturer’s data.
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RG4.7 Tank Surface Area

Tank surface area (TSA) is used to calculate the hourly jacket loss (HJL) for large storage gas, indirect gas

water heaters, and large storage electric water heaters. TSA is given in the following equation as a function of

the tank volume.

Equation RG-34 TSA| =ex (f xVOLS % + g)2
where
VOLJ; = Tank capacity (gallons).
e f,g= Coefficients given in the following table.

Table RG-10 Coefficients for Calculating Tank Surface Areas
Large Storage Gas and

Storage Electric and

Coefficient Storage Gas Indirect Gas Heat Pumps
E 0.00793 0.01130 0.01010
E 15.67 11.8 11.8
G 1.9 5.0 5.0

RG4.8 Independent Hot Water Storage Tanks

The additional loads due to independent hot water storage tanks which are not rated as water heaters is

calculated by adding the sum of the jacket losses for one or more of these tanks to the Hourly Adjusted

Recovery Load for the jth water heater and substituting xHARLi for HARLi in the appropriate equation above for

the jth water heater:

Equation RG-35 XHARL, = HARL, +» HJL,,
k
where
XHARL, = Hourly Adjusted Recovery Load for the jth water heater plus the load due to independent hot
water storage tanks serving the jth hot water heater.
HARLL= Hourly Adjusted Recovery Load for the jth water heater as defined by Equation RG-1.
HJL; = Hourly Jacket Loss of the kth independent hot water storage tank serving the jth water heater.

The hourly jacket loss, HJL is calculated per RG4.6 Jacket Loss using Equation RG-29. When the Standby

Loss for the tank is not available or not listed, RTlj may be set at zero and the total tank insulation may be

entered for REl, The minimum value of REI allowed by the ACM shall be a 0.68 still air film.

RG5 Electricity Use for Circulation Pumping

For single-family recirculation systems, hourly pumping enerqy is fixed as shown in following table.
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Table RG-11 Single Family Recirculation Enerqy Use (kWh) by Hour of Day

Uncontrolled Temperature Timer/Temp Demand
Hour Recirculation Timer Control Control Control Recirculation
1 0.040 0 0.0061 0 0.0010
2 0.040 0 0.0061 0 0.0005
3 0.040 0 0.0061 0 0.0006
4 0.040 0 0.0061 0 0.0006
5 0.040 0 0.0061 0 0.0012
6 0.040 0 0.0061 0 0.0024
7 0.040 0.040 0.0061 0.0061 0.0045
8 0.040 0.040 0.0061 0.0061 0.0057
9 0.040 0.040 0.0061 0.0061 0.0054
10 0.040 0.040 0.0061 0.0061 0.0045
1" 0.040 0.040 0.0061 0.0061 0.0037
12 0.040 0.040 0.0061 0.0061 0.0028
13 0.040 0.040 0.0061 0.0061 0.0025
14 0.040 0.040 0.0061 0.0061 0.0023
15 0.040 0.040 0.0061 0.0061 0.0021
16 0.040 0.040 0.0061 0.0061 0.0019
17 0.040 0.040 0.0061 0.0061 0.0028
18 0.040 0.040 0.0061 0.0061 0.0032
19 0.040 0.040 0.0061 0.0061 0.0033
20 0.040 0.040 0.0061 0.0061 0.0031
21 0.040 0.040 0.0061 0.0061 0.0027
22 0.040 0.040 0.0061 0.0061 0.0025
23 0.040 0 0.0061 0 0.0023
24 0.040 0 0.0061 0 0.0015
Annual Total 50 234 53 35 23

Multi-family recirculation systems may have vastly different pump sizes and is therefore calculated based on
the installed pump size. The hourly electricity use for pumping (HEUP) water in the circulation loop can be
calculated by the hourly pumping schedule and the power of the pump motor as in the following equation.

0.746 x PUMP, x SCHy 1

Equation RG-36 HEUP, =
Nk
where
HEUP, = Hourly electricity use for the circulation pump (kWh).
PUMP, = Pump brake horsepower (bhp).
Nk = Pump motor efficiency.
SCHy m = Operating schedule of the circulation pump. For 24-hour operation (no controls), the value is

always 1. For timer controls, the value is 1 when pump is on and 0 otherwise. The pump is
assumed off from 10 p.m. to 5 a.m. and on for the remaining hours.
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Form 2

Program-Name

Organization-Name

Applicant-Name

Run  GollectorArea  Slope Y-irtercept Hot-Water  Glimate Annual F-Ghart N Comparison
1 48 .70 .65 50 5 .60
2 48 -0 65 50 7 63
3 48 +0 65 50 3 67
4 48 55 #5 50 5 74
5 48 55 +5 50 7 77
6 48 55 +5 50 3 77
7 48 125 50 50 5 37
8 48 1.25 .50 50 7 .38
9 48 1.25 .50 50 13 44
10 64 -0 65 50 5 71
1" 64 .70 65 50 7 74
13 48 .70 65 30 5 72
14 48 .70 65 30 7 75
16 48 .70 .65 80 5 48
17 48 70 .65 80 7 .50
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TABLE 1

o yaaratrort

Climate Average-Daily Btu/ft’/day-on Btu/fit’/day-ontited  Average WaterMain
Zone Temperature(°F) herizontatsurface surface* Temperatures (°F)
4 524 1,244 4,340 60
2 57.9 1,535 1,658 65
3 56.9 4,559 1,684 65
4 59.6 1,606 1,734 65
5 60-3 1,623 4,753 65
6 63.5 1,596 1,724 70
7 629 1,619 1,748 70
8 63.0 1,637 4,768 70
9 63.6 1,618 4,747 70
10 63.3 1,777 1,919 70
14 628 1,580 4,706 65
12 60-3 1,644 1772 65
13 623 4,708 1,845 65
14 55.9 1,844 1,988 65
15 726 1,858 2.007 70
16 428 1,656 1,788 60
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Company | Model ID# Volume | L{Btu/hr-F) Q-cap
tgah (Btw)
Fodes S 040084 = £=2 22485
Fodes celben 40082 80 68 22485
Fodes e g0 ] &4 22485
Fodes e c/ooeb 40 38 22485
Sl co-zo 0o04LA 32 s 22485
Sl e oooe 42 e 20428
Sl e e E4 284 20428
Sl co-s0s coon E4 4EL 20428
Sl k20 e 32 4EL 20428
Sl R0 N 42 So 20428
Sl CR-50R e E4 222 20428
Sl cRsos e E4 4EL 20428
TCT PT-30-CN 95002A 30 137 22466
TCT PT-35-CN 95002B 35 137 22466
TCT PT-40-CN 95002C 40 7.7 22466
TCT PT-50-CN 95002D 50 7.7 22466
Coomn=lmmorer Condnee
— Heat Loss Coefficient UA
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————Tsroc=1Qsav#100-galiday x-8.25 Btu/gal-"F)} +{Qcap-H V- %x-8:25 Btulgal-’F)]

——Where: Qgpy (Btu/day) =from SRCC test results
Qepp(Btw)=Ffrom-SRCCtest results
——V,(gah)=total velume-of solar storage-tank

FableJ-4
Climate Zone CZlnsolation Climate Zone -CZ Insolation
1 4340 9 1747
2 4858 10 1919
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3 1684 +“ 1706
4 1734 12 1772
5 1753 13 1845
6 1724 14 1988
7 1748 15 2007
8 1768 16 1788

——Solvingfor FrankLocac:

———Frank tocar=Au-+Ao+Qrorar LocaHHAs+Ay)

16 b L (CZ Armbiont AT
As={(50-galday) x(8.25 Btu/gal-°F)
A= 16 hrs/day x L

~Z Water Main.T ~Z ArabiontAir Tormp frorm Table -2

%
|

© o N ® ¢~ W NP P

EEBEREERB

Water-Main-Temp-°F
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ACM RH-2005

Appendix RH — High Quality Insulation Installation
Procedures

RH1. Purpose and Scope

ACM RH-2005 is a procedure for verifying the quality of insulation installation in low-rise residential
buildings. A compliance credit is offered when this procedure is followed by the insulation installer and a
qualified HERS rater. The procedure and credit applies to wood framed construction with wall stud
cavities, ceilings, and roof assemblies insulated with mineral fiber or cellulose insulation in low-rise
residential buildings.

RH2. Terminology

Air Barrier An air barrier is needed in all thermal envelope assemblies to prevent air movement.
Insulation, other than foam, is not designed to stop air movement. For insulation installed
horizontally, such as in an attic, the insulation must be in substantial contact with the
assembly air barrier (usually the ceiling drywall) on one side for it to perform at its rated R-
value. A wall or ceiling covering that has multiple leakage sites (such as 1 x 6 toung and
grove board ceilings) can not serve as an air barrier.

Air-tight Thermal envelope assemblies (such as wall assemblies) shall be built to minimize air
movement. Air movement can move unwanted heat and moisture through or into the
assembly. For these procedures air-tight shall be defined as an assembly or air barrier
with all openings greater than 1/8 inch caulked, or sealed with expansive or minimally
expansive foam.

Excessive Compression Batt insulation may be compressed up to 50% at obstructions such as
plumbing vents and in non-standard cavities, but compression of more than 50% in any
dimension is excessive and shall not be allowed. Where obstructions would cause the
insulation to be compressed greater than 50% insulation shall be cut to fit around the
obstruction.

Delaminated Batts are often split or delaminated to fit around an obstruction. For example when an
electrical wire runs through a wall cavity the insulation must still fill the area both in front of
the wire and the area behind the wire. This is typically accomplished by delaminating the
batt from one end and placing one side of the batt behind the wire and the other in front of
the wire. The location of the delamination must coincide with the location of the
obstruction. For example if the wire is one third of the distance from the front of the cavity
the batt should be delaminated so that two thirds of the batt goes behind the wire and one
third in front of the wire.

Draft Stops Draft stops are installed to prevent air movement between wall cavities, other interstitial
cavities - and the attic. They are typically constructed of dimensional lumber blocking,
drywall or plywood. Draft stops become part of the attic air barrier and shall be air-tight.
Fire blocks constructed of porous insulation materials cannot serve as draft stops since
they are not air-tight.

Friction Fit Friction fit batts are commonly used. Friction fit batts have enough side-to-side frictional
force to hold the batt in place without any other means of attachment.

Gaps A gap is an uninsulated area at the edge of or between batts. Gaps in insulation are
avoidable and are not permitted.
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Hard Covers

Hard covers shall be installed above areas where there is a drop ceiling. For example a

Inset Stapling

home with 10 ft ceilings may have an entry closet with a ceiling lowered to 8 ft. A hard

cover (usually a piece of plywood) is installed at the 10 ft. level above the entry closet.

Hard covers become part of the ceiling air barrier and shall be air-tight.

In windy areas installers often staple the flanges of faced batts to the sides of the stud in

Net Free-Area

order to assure that the insulation remains in place until covered with drywall, particularly
on the wall between the house and the garage where there isn't any exterior sheathing to
help keep the insulation in place. The void created by the flange inset shall not extend
more than two inches from the stud on each side.

The net free-area of a vent cover is equal to the total vent opening less the interference to

Voids

air flow caused by the screen or louver. Screened or louvered vent opening covers are
typically marked by the manufacturer with the "net free-area." For example a 22.5 in. by
3.5in. eave vent screen with a total area of 78.75 square inches may have a net free-area
of only 45 square inches.

When batt insulation is pushed too far into a wall stud cavity a void is created between the

front of the batt and the drywall. Batts shall be fully lofted and fill the cavity front-to-back.
Small voids less than % in. deep on the front or back of a batt shall be allowed as long as
the total void area is not over 10% of the batt surface area. This definition shall not
preclude the practice of inset stapling as long as the void created by the flange inset
meets the specification in the definition of inset stapling. Improper spraying or blowing of

insulation in ceilings and wall cavities can result in areas with insufficient insulation not
meeting the specified installed density and R-value. Wall and cathedral ceiling cavity
areas where cellulose insulation has fallen away shall be filled with insulation.
Depressions in netting or material supporting blown insulation in walls and cathedral
ceilings shall be filled with insulation.

RH3. Raised Floors and Floors Over Garages

e Batts shall be correctly sized to fit snugly at the sides and ends, but not be so large as to buckle.

Batts shall be cut to fit properly without gaps. Insulation shall not be doubled-over or compressed.

Insulation shall be in contact with an air barrier - usually the subfloor.

On floors that are over garages, or where there is an air space between the insulation and the

subfloor, the rim joist shall be insulated.

Batts shall be cut to butt-fit around wiring and plumbing, or be split (delaminated) so that one

layer can fit behind the wiring or plumbing, and one layer fit in front.

e Ifthe insulation is faced, the facing shall be placed toward the living space and be in contact with
the underside of the floor sheathing. Continuous support shall be provided to keep the facing in
contact with the floor sheathing. Filling the entire cavity with insulation and providing support with
netting at the bottom of the framing is one acceptable method.

e Insulation shall be properly supported to avoid gaps, voids, and compression.

RH4. Wall Insulation

RH4.1. Batt Installation

e Wall stud cavities shall be caulked or foamed to provide a substantially air-tight envelope to the

outdoors, attic, garage and crawl space. Special attention shall be paid to plumbing and wiring

penetrations through the top plates, electrical boxes that penetrate the sheathing, and the

sheathing seal to the bottom plate.
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e Installation shall uniformly fill the cavity side-to-side, top-to-bottom, and front-to-back.

e The batt shall be friction fitted into the cavity unless another support method is used

e Batt insulation shall be installed to fill the cavity and be in contact with the sheathing on the back
and the wallboard on the front - no gaps or voids.

e Batts with flanges that are inset stapled to the side of the stud must be flush with the face of the
cavity (or protrude beyond) except for the portion that is less than two inches from the edge of the
stud.

e Non-standard-width cavities shall be filled with batt insulation snuggly fitted into the space without
excessive compression.

e Batt insulation shall be cut to butt-fit around wiring and plumbing, or be split (delaminated) so that
one layer can fit behind the wiring or plumbing, and one layer fit in front.

RH4.2 Narrow-Framed Cavities

e Non-standard width cavities shall be filled by batt insulation cut to snuggly fit into the space.

e Narrow spaces (two inches or less) at windows, between studs at the building's corners, and at
the intersections of partition walls shall be filled with batt insulation snuggly fitted into the space
(without excessive compression), loose fill insulation, or expansive or minimally expansive foam.

RHA4.3 Special Situations
RHA4.3.1 Installations Prior to Exterior Sheathing or Lath

e Hard to access wall stud cavities such as; corner channels, wall intersections, and behind
tub/shower enclosures shall be insulated to the proper R-value. This may have to be done prior
to the installation of the exterior sheathing or the stucco lath.

RH4.3.2 Obstructions

e Insulation shall be cut to fit around wiring and plumbing without compression.

e Insulation shall be placed between the sheathing and the rear of electrical boxes and phone
boxes.

e In cold climates, where water pipes may freeze (Climate Zones 14 and 16) pipes shall have at
least two-thirds of the insulation between the water pipe and the outside. If the pipe is near the
outside, as much insulation as possible shall be placed between the pipe and the outside (without
excessive compression), and no insulation shall be placed between the pipe and the inside.

RH4.3.3 Rim Joists

e All rim-joists shall be insulated to the same R-Value as the adjacent walls.

e The insulation shall be installed without gaps or excessive compression.
RH4.3.4 Kneewalls and Skylight Shafts

e All kneewalls and skylight shafts shall be insulated to @ minimum of R-19.

e The insulation shall be installed without gaps and with minimal compression.

o For steel-framed kneewalls and skylight shafts, external surfaces of steel studs must shall be
covered with batts or rigid foam unless otherwise specified on the CF-1R using correct U-factors
from Joint Appendix IV, Table IV-11 (or U-factors approved by the CEC Executive Director)ard

e The house side of the insulation shall be in contact with the drywall or other wall finish.
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e The insulation shall be supported so that it will not fall down by either fitting to the framing,
stapling in place with minimal compression, or using other support such as netting.

RHA4.3.5 HVAC/Plumbing Closet

e Walls of interior closets for HYAC and/or water heating equipment, that require combustion air
venting, shall be insulated to the same R-value as the exterior walls.

RH4.3.6 Loose Fill Wall Insulation

e Wall stud cavities shall be caulked or foamed to provide a substantially air-tight envelope to the
outdoors, attic, garage and crawl space. Special attention shall be paid to plumbing and wiring
penetrations through the top plates, electrical boxes that penetrate the sheathing, and the
sheathing seal to the bottom plate.

e Installation shall uniformly fill the cavity side-to-side, top-to-bottom, and front-to-back.

e | oose fill insulation shall be installed to fill the cavity and be in contact with the sheathing on the
back and the wallboard on the front - no gaps or voids.

e Loose fill wall insulation shall be installed to fit around wiring, plumbing, and other obstructions.

e The installer shall certify on forms CF-6R and IC-1 that the manufacturer's minimum weight-per-
square-foot requirement has been met.

RHS5. Ceiling and Roof Insulation

RH5.1 Batt Insulation

RH5.1.1 General Requirements

e Batts shall be correctly sized to fit snugly at the sides and ends.

Batts shall be installed so that they will be in contact with the air barrier.

Where necessary, batts shall be cut to fit properly - there shall be no gaps, nor shall the insulation
be doubled-over or compressed.

When batts are cut to fit a non-standard cavity, they shall be snuggly fitted to fill the cavity without
excessive compression.

Batts shall be cut to butt-fit around wiring and plumbing, or be split (delaminated) so that one
layer can fit behind the wiring or plumbing, and one layer fit in front.

For batts that are taller than the trusses, full-width batts shall be used so that they expand to
touch each other over the trusses.

Hard covers or draft stops shall be placed over all drop ceiling areas and interior wall cavities to
keep insulation in place and stop air movement. If hard covers or draft stops are missing or
incomplete, they shall be completed before insulation is installed.

Required eave ventilation shall not be obstructed - the net free-ventilation area of the eave vent
shall be maintained.

e Eave vent baffles shall be installed to prevent air movement under or into the batt.

e Insulation shall cover all recessed lighting fixtures. If the fixtures are not rated for insulation
contact (IC) and air tight, the fixtures shall either be replaced or eliminated.

e All recessed light fixtures that penetrate the ceiling shall be IC and air tight (AT) rated and shall
be sealed with a gasket or caulk between the housing and the ceiling.
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RH5.1.2 Special Situations
RH5.1.2.1 Rafter Ceilings

e An air space shall be maintained between the insulation and roof sheathing if required by
California Building Code section 1505.3.

e Facings and insulation shall be kept away from combustion appliance flues in accordance with
flue manufacturers' installation instructions or labels on the flue.

RH5.1.2.2 HVAC Platform

e Appropriate batt insulation shall be placed below any plywood platform or cat-walks for HYAC
equipment installation and access

e Batts shall be installed so that they will be in contact with the air barrier.
RH5.1.2.3 Attic Access

e Permanently attach rigid foam or a batt of insulation to the access door using adhesive or
mechanical fastener.

RH5.2. Loose-Fill Ceiling Insulation

RH5.2.1 General Requirements

o Baffles shall be placed at eaves or soffit vents to keep insulation from blocking eave ventilation.
The required net free-ventilation shall be maintained.

e Eave vent baffles shall be installed to prevent air movement under or into the loose-fill insulation

Hard covers or draft stops shall be placed over all drop ceiling areas and interior wall cavities to
keep insulation in place and stop air movement. If hard covers or draft stops are missing or
incomplete, they shall be completed before insulation is completed or the entire drop area shall
be filled with loose-fill insulation level with the rest of the attic.

Attic rulers appropriate to the material installed shall be evenly distributed throughout the attic to
verify depth: one ruler for every 250 square feet and clearly readable from the attic access. The
rulers shall be scaled to read inches of insulation and the R-value installed.

Insulation shall be applied underneath and on both sides of obstructions such as cross-bracing
and wiring.

e Insulation shall be applied all the way to the outer edge of the wall top plate.

e Insulation shall cover recessed lighting fixtures. If the fixtures are not rated for insulation contact
(IC) and air tight, the fixtures shall either be replaced or eliminated.

e All recessed light fixtures that penetrate the ceiling shall be IC and air tight (AT) rated and shall
be sealed with a gasket or caulk between the housing and the ceiling.

Insulation shall be kept away from combustion appliance flues in accordance with flue
manufacturer's installation instructions or labels on the flue.

Insulation shall be blown to a uniform thickness throughout the attic with all areas meeting or
exceeding the insulation manufacturer's minimum requirements for depth and weight-per-square-
foot.

e The installer shall certify on forms CF-6R and IC-1 that the manufacturer's minimum weight-per-
square-foot requirement has been met.

The HERS rater shall verify that the manufacturer's minimum weight-per-square-foot requirement
has been met for attics insulated with loose-fill mineral-fiber insulation. Verification shall be
determined using the methods of the Insulation Contractor’s Association of America (ICAA)
Technical Bulletin #17 except that only one Oae- sample shall be taken in the area that appears
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to have the least amount of insulation. The rater shall record the weight-per-square-foot of the
sample on the CF-4R.

e The HERS rater shall verify that the manufacturer's minimum insulation thickness has been
installed. For cellulose insulation this verification shall take into account the time that has elapsed

since the insulation was installed. At the time of installation, the insulation shall be greater than or
equal to the manufacturer's minimum initial insulation thickness. If the HERS rater does not verify
the insulation thickness at the time of installation, and if ¥ the insulation has been in place less
than seven days, the insulation thickness shall be greater than within- %4-ineh-of the
manufacturer’s minimum required thickness at the time of installation less 1/2 inch to account for
settlin . If the insulation has been in place for seven days or longer, the insulation

thickness shall be greater than or equal to the manufacturer’s minimum required settled thickness

RH5.2.2 Special Situations
RH5.2.2.1 Kneewalls and Skylight Shafts:

o Kneewalls and skylight shafts shall be insulated to a minimum of R-19. If loose fill insulation is
used it shall be properly supported with netting or other support material.

RH5.2.2.2 HVAC Platform

e Pressure-fill the areas under any plywood platform or walks for HYAC equipment installation and
access or verify that appropriate batt insulation has been installed.

RH5.2.2.3 Attic Access

e Permanently attach rigid foam or a batt of insulation to the access door using adhesive or
mechanical fastener.

RHG6. Materials

e Materials shall comply with Uniform Building Code (including, but not limited to, 1997 UBC Section
707) and installed to meet all applicable fire codes.

e Materials shall meet California Quality Standards for Insulating Material, Title 24, Chapter 4, Article 3,
listed in the California Department of Consumer Affairs Consumer Guide and Directory of Certified
Insulating Materials.

e Materials shall comply with flame spread rating and smoke density requirements of Sections 2602
and 707 of the Title 24, Part 2: all installations with exposed facings must use fire retardant facings
which have been tested and certified not to exceed a flame spread of 25 and a smoke development
rating of 450. Insulation facings that do not touch a ceiling, wall, or floor surface, and faced batts on
the undersides of roofs with an air space between the ceiling and facing are considered exposed

applications.
e Materials shall be installed according to manufacturer specifications and instructions.

RH7. Equipment

e Scales - The scales used to weigh density samples shall be accurate to within +/- 0.03 pounds.
Scales shall be calibrated in accordance with manufacture's instructions.

RH8. R-Value and U-Value Specifications

See CF-1R for minimum R-value requirements; for non-standard assemblies, also see applicable form
3R.
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RH9. Certificates

An Insulation Certificate (1C-1) signed by the insulation installer shall be provided that states that the
installation is consistent with the plans and specifications for which the building permit was issued. The
certificate shall also state the installing company name, insulation manufacturer's name and material
identification, the installed R-value, and, in applications of loose-fill insulation, the minimum installed
weight-per-square-foot (or the minimum weight per cubic foot) consistent with the manufacturer's labeled
installed-design-density for the desired R-Value, and the number of inches required to achieve the
desired R-Value. The insulation installer shall also complete a form CF-6R and attach a bag label or a
manufacturer's coverage chart for every insulation material used.

RH10. Certificate Availability

The Insulation Certificate (IC-1) and Installation Certificate (CF-6R, with insulation material bag labels or
coverage charts attached), signed by the insulation installer, shall be available on the building site for
each of the HERS rater's verification inspections. Note: The HERS rater cannot verify compliance credit
without these completed forms.

CF-6R & CF-4R Insulation Installation Quality Certificate
NOTE: THE FOLLOWING FORNHS-PROVUBED-FOR INFORMATION IS REQUIRED TO BE DOCUMENTED IN A FORMAT

SPECIFIED BY THE COMMISSION. - WHLL-LIKEL Y] BEINCLUDEDIN-THE- RESIDENTIAL-CONSERVATION-MANUALAND
NOFINFHEACM-MANUAL:
Site Address Permit

O Installation meets all applicable requirements as specified in the Insulation Installation Procedures
(CF-6R only)

O Insulation certificate, (IC-1) signed by the installer stating: insulation manufacturer’'s name, material
identification, installed R-values, and for loose-fill insulation: minimum weight per square foot and
minimum inches

O Installation Certificate, (CF-6R) signed by the installer certifying that the installation meets all
applicable requirements as specified in the Insulation Installation Procedures

(CE-4R only)

1. FLOOR

O All floor joist cavity insulation installed to uniformly fit the cavity side-to-side and end-to-end

O Insulation in contact with the subfloor or rim joists insulated

O Insulation properly supported to avoid gaps, voids, and compression

2. WALLS

0  Wall stud cavities caulked or foamed to provide an air tight envelope

O Wall stud cavity insulation uniformly fills the cavity side-to-side, top-to-bottom, and front-to-back

O No gaps

O No voids over 3/4" deep or more than 10% of the batt surface area.

O Hard to access wall stud cavities such as; corner channels, wall intersections, and behind tub/shower
enclosures insulated to proper R-Value
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O Small spaces filled

O Rim-joists insulated

O Loose fill wall insulation meets or exceeds manufacturer's minimum weight-per-square-foot
requirement. (CF-6R only)

3. ROOF/CEILING PREPARATION

O All draft stops in place to form a continuous ceiling and wall air barrier

O All drops covered with hard covers

O All draft stops and hard covers caulked or foamed to provide an air tight envelope

O All recessed light fixtures IC and air tight (AT) rated and sealed with a gasket or caulk between the
housing and the ceiling

0 Floor cavities on multiple-story buildings have air tight draft stops to all adjoining attics

O Eave vents prepared for blown insulation - maintain net free-ventilation area

O Kneewalls insulated or prepared for blown insulation

O Area under equipment platforms and cat-walks insulated or accessible for blown insulation

O Attic rulers installed

4. ROOF/CEILING BATTS

0 No gaps

O No voids over % in. deep or more than 10% of the batt surface area.

Insulation in contact with the air-barrier

O
O Recessed light fixtures covered
[

Net free-ventilation area maintained at eave vents

ROOF/CEILING LOOSE-FILL

Insulation uniformly covers the entire ceiling (or roof) area from the outside of all exterior walls.

Baffles installed at eaves vents or soffit vents - maintain net free-ventilation area of eave vent

Recessed light fixtures covered

Insulation at proper depth — insulation rulers visible and indicating proper depth and R-value

5.

0

u

0 Attic access insulated
a

a

0

Loose-fill insulation meets or exceeds manufacturer's minimum weight and thickness requirements for

the target R-value. Target R-value Manufacturer's minimum required weight
for the target R-value (pounds-per-square-foot). Manufacturer's minimum
required thickness at time of installation Manufacturer's minimum required settled
thickness Note: In order to receive compliance credit the HERS rater shall

verify that the manufacturer's minimum weight and thickness has been achieved for the target R-
value. (CF-6R only)

Loose-fill mineral fiber insulation meets or exceeds manufacturer's minimum weight and thickness
requirement for the target R-value. Target R-value Manufacturer’s

[}
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minimum required weight for the target R-value (pounds-per-square
foot). Sample weight (pounds per square foot). (CF-4R only)

O Manufacturer's minimum required thickness at time of installation (inches)
Manufacturer's minimum required settled thickness (inches). Number of days
since loose-fill insulation was installed (days). At the time of installation, the

insulation shall be greater than or equal to the manufacturer’'s minimum initial insulation thickness. If
the HERS rater does not verify the insulation at the time of installation, and if ¥ the loose-fill
insulation has been in place less than seven days the thickness shall be greater than within4-inch-of
the-the manufacturer's minimum required thickness at the time of installation less 1/2 inch to account
for settlin ._If the insulation has been in place for seven days or longer the insulation

thickness shall be greater than or equal to the manufacturer’s minimum required settled thickness {er

. Minimum thickness measured (inches). (CF-4R only)

DECLARATION

| hereby certify that the installation meets all applicable requirements as specified in the Insulation
Installation Procedures.

ltem #s Signature, Date Title, Company Name
ltem #s Signature, Date Title, Company Name
ltem #s Signature, Date Title, Company Name
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APPENDIEX-H
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ACM RI-2005

Appendix Rl — Procedures for Verifying the Presence

of a Thermostatic Expansion Valve or High Enerqy

Efficiency Ratio Equipment

RI-1 Purpose and Scope

The purpose of these procedures is to verify that residential space cooling systems and heat pumps have

the required components to achieve the energy efficiency claimed in the compliance documents. The

procedures only apply when a TXV is specified for split system equipment or an EER higher than the

default is claimed. For dwelling units with multiple systems, the procedures shall be applied to each

system separately.

The installer shall certify to the builder, building official and HERS rater that he/she has installed all the

correct components.

The reference method algorithms adjust (improve) the efficiency of air conditioners and heat pumps when

field verification indicates the specified components are installed. Table RI1 summarizes the algorithms

that are affected.

Table RI-1 — SUMMARY OF FIELD VERIFICATION

Variables and

Proposed Design

Equation Default Proced
Diagnostic Reference Description Standard Design Value Value ure
Presence of a TXV Frxy Frxv takes on a value Split systems are NoTXVor RI2
— of 0.96 when the assumed to have refrigerant
(Eq. F4-42 system has a verified refrigerant charge charge
and F4-43) TXV or has been testing or a TXV, when testing.
diagnostically tested required by Package D.
for the correct
refrigerant charge.
Otherwise, Frxy has a
value of 0.90.
Presence of a matched High EER The EER is the Systems are assumed Default RI3
Efficiency Compressor Unit, - Energy Efficiency to have the default EER  EER and RI4

Evaporator Coil, Refrigerant
Metering Device, and (where
specified) Air Handling Unit
and/or Time Delay Relay.

Ratio at 95 F outdoors

based on SEER, see

specified according to

ACM Equation 4.44.

ARI procedures for
the matched

combination

RI-2 TXV Verification Procedure

The procedure shall consist of visual verification that the TXV is installed on the system.

RI-3 Time Delay Relay Verification Procedure

When a high EER system specification includes a time delay relay, the installation of the time delay relay
shall be verified.

The procedure shall be:
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1) Turn the thermostat down until the compressor and indoor fan are both running.

2) Turn the thermostat up so the compressor stops running.

3) Verify that the indoor fan continues to run for at least 30 seconds.

RI-4 Matched Equipment Procedure

When installation of specific matched equipment is necessary to achieve a high EER, installation of the
specific equipment shall be verified.

The procedure shall consist of visual verification of installation of the following equipment and
confirmation that the installed equipment matches the equipment required to achieve the high EER rating:

1) The specified labeled make and model number of the outdoor unit.

2) The specified labeled make and model number of the inside coil.

3) The specified labeled make and model of the furnace or air handler when a specific furnace or air
handler is necessary to achieve the high EER rating,

4) The specified metering device when a specific refrigerant metering device (such as a TXV or an EXV)
is necessary to achieve the high efficiency rating.
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